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V\VWHP LQWHUIHUHVZLWK WKH QRUWKHUQ$OSLQH IRUHODQG 7KH DUHDZDV FKRVHQ EHFDXVH RI LWV
RQJRLQJWHFWRQLFDFWLYLW\PDQLIHVWHGQRWRQO\E\LQVWUXPHQWDOO\UHFRUGHGVHLVPLFLW\EXWDOVR
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DQG(17(&UHVHDUFK LQLWLDWLYHV(8&2585*(178SSHU5KLQH*UDEHQ(YROXWLRQDQG
1HRWHFWRQLFV LV D FROODERUDWLYH QHWZRUN RI  8QLYHUVLWLHV DQG JRYHUQPHQWDO DJHQFLHV
IURP*HUPDQ\)UDQFH WKH1HWKHUODQGVDQG6ZLW]HUODQGZKRVHIRFXVZDVRQWKHVHLVPLF
KD]DUGDQGQHRWHFWRQLFV LQ WKH8SSHU5KLQH*UDEHQDQGVXUURXQGLQJDUHDVDVZHOODVRQ
WKH VXVWDLQDEOHPDQDJHPHQW RI WKH ZDWHU UHVRXUFHV LQ LWV 7HUWLDU\ WR 4XDWHUQDU\ JUDEHQ
¿OO (8&2585*(17 ZDV ODXQFKHG LQ  IRU D SHULRG RI IRXU \HDUV 6LPLODUO\ WKH
PXOWLQDWLRQDO LQWHUGLVFLSOLQDU\(17(& (1YLURQPHQWDO7(&WRQLFV UHVHDUFK DQG WUDLQLQJ
QHWZRUNIXQGHGE\WKH(XURSHDQ&RPPXQLW\DQG±IRUWKHSDUWLFLSDQWVIURP6ZLVVUHVHDUFK
LQVWLWXWLRQV±WKH6ZLVV0LQLVWU\IRU(GXFDWLRQDQG6FLHQFH%%:DGGUHVVHGUHODWLRQVKLSV
EHWZHHQGHHSHUOLWKRVSKHULFSURFHVVHVQHRWHFWRQLFVDQGVXUIDFHSURFHVVHVLQWKH1RUWKHUQ
$OSLQHIRUHODQG(17(&ZDVLQLWLDWHGLQVSULQJE\DFRQVRUWLXPRI WKH1HWKHUODQGV
5HVHDUFK&HQWHUIRU,QWHJUDWHG6ROLG(DUWK6FLHQFH%DVHO8QLYHUVLW\)UHLEXUJ8QLYHUVLW\
.DUOVUXKH8QLYHUVLW\6WUDVERXUJ8QLYHUVLW\(7+=ULFK%5*07121,7*DQG9LHQQD
&KDSWHU
8QLYHUVLW\ ,WV REMHFWLYHVZHUH WR TXDQWLI\ WKH HIIHFWV RI WKH RQJRLQJ$OSLQH FROOLVLRQ RQ
LQWUDSODWHGHIRUPDWLRQRI WKHQRUWKZHVWHUQ(XURSHDQIRUHODQGDQG WKHLU LPSDFWRQVXUIDFH
JHRPRUSKRORJ\DQGQDWXUDOKD]DUGV7KUHHQDWXUDOODERUDWRULHVZHUHVHOHFWHGWKH/RZHU
5KLQH*UDEHQWKH8SSHU5KLQH*UDEHQDQGWKH9LHQQD%DVLQ7KHVHWKUHHDUHDVUHFRUG
WKHPDQLIHVWDWLRQRIQHRWHFWRQLFVZLWKLQWKH$OSLQHRURJHQWKH9LHQQD%DVLQDWLWVIURQW
WKH8SSHU5KLQH*UDEHQDQGLQDIDU¿HOGDUHDWKH/RZHU5KLQH*UDEHQ$OOWKUHHDUHWKH
VLWHVRIVRPHRIWKHKLJKHVWFRQFHQWUDWLRQVRILQGXVWULDODFWLYLW\DQGXUEDQGHYHORSPHQWLQ
(XURSH
*HRORJLFDOIUDPH
7KH8SSHU5KLQH*UDEHQ85*IRUPVSDUWRIWKHZHVWHUQ(XURSHDQ&HQR]RLFULIW
V\VWHP)LJ7KLVULIWV\VWHPH[WHQGVIURPWKH1RUWK6HDLQWRWKH0HGLWHUUDQHDQ6HDDQG
FRPSULVHVIURPQRUWKWRVRXWKWKH/RZHU5KLQH(PED\PHQWWKH85*WKH%UHVVH*UDEHQ
DVZHOODVWKH/LPDJQHJUDEHQV\VWHPLQWKH0DVVLI&HQWUDO0RUSKRORJLFDOO\WKH85*IRUPV
DYHU\FRQVSLFXRXVSDUWRI WKLV ULIW V\VWHP7KLV LVSDUWLFXODUO\ WUXH IRU LWV VRXWKHUQSDUW
ZKHUHWKH85*IRUPVDGLVWLQFWSODLQVXUURXQGHGE\WKH9RVJHVDQG%ODFN)RUHVWPDVVLIVLQ
WKHZHVWDQGHDVWUHVSHFWLYHO\DQGWKH-XUD0RXQWDLQVLQWKHVRXWK
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*UDEHQ9* 9RVJHV$IWHU=LHJOHUHWDO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$WSUHVHQWWKHVRXWKHUQ85*LVDQDUHDRILQFUHDVHGVHLVPLFLW\)LJ7KHFLW\RI
%DVHOIRULQVWDQFHKDVEHHQUHSHDWHGO\KDUPHGE\HDUWKTXDNHVLQKLVWRULFDOWLPHV7KHPRVW
VHYHUHHDUWKTXDNHRFFXUUHGLQ$'DQGUHVXOWHGLQWKHDOPRVWFRPSOHWHGHVWUXFWLRQRI
WKHFLW\1RZDGD\VWKHUHJLRQLVKLJKO\XUEDQLVHGDQGKRVWVQXPHURXVLQGXVWULDOIDFLOLWLHV,W
LVWKHUHIRUHFRQVLGHUHGKLJKO\YXOQHUDEOHWRHDUWKTXDNHV'HVSLWHGHGLFDWHGUHVHDUFK0H\HU
HW DO 1LYLqUHDQG:LQWHU0HJKUDRXL HW DO /DPEHUW HW DO  WKH
VHLVPLFVRXUFHRIWKH$'HDUWKTXDNHVWULNHVOLSWKUXVWRUQRUPDOIDXOWLQJ"UHDFWLYDWLRQ
RI2OLJRFHQHRU3HUPR&DUERQLIHURXVIDXOWV"KDVQRW\HWEHHQXQDPELJXRXVO\LGHQWL¿HG
 6WUXFWXUHRIWKHVRXWKHUQ85*
7KH JHRORJLFDOWHFWRQLF IUDPHZRUN RI WKH VRXWKHUQ85*DQG LWV VXUURXQGLQJV DUH
LOOXVWUDWHGLQ)LJ7KHVWUXFWXUHRIWKHVRXWKHUQPRVW85*FDQEHGHSLFWHGLQD:1:
(6(WUHQGLQJ FUXVWDOVFDOH FURVV VHFWLRQ FRPSLOHG IURP YDULRXV VRXUFHV )LJ  7KH
IDXOWVDQGWKHGHSWKRIWKHEDVH7HUWLDU\VXUIDFHLQWKHZHVWHUQPRVWSDUWRIWKHVHFWLRQZHUH
WDNHQ IURPDVWUXFWXUDOPRGHOGHYHORSHGDW WKH&516 LQ1DQF\ %RXUJHRLVHWDO
7KHJHRPHWU\RIWKH,OOIXUWKIDXOWZDVPRGL¿HGDIWHU9RQGHUVFKPLWW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LQWHUSUHWDWLRQVRIUHÀHFWLRQVHLVPLFDQGH[SORUDWLRQZHOOGDWD)URPWKH$OOVFKZLO)DXOWWR
WKHHDVWHUQHQGRIWKHFURVVVHFWLRQRWKHUH[LVWLQJFURVVVHFWLRQKDYHEHHQDGDSWHG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)LJGLVWULEXWLRQRIVHLVPLFLW\LQWKHVRXWKHUQPRVW85*DQGDGMDFHQWDUHDVVXSHUSRVHGRQWRDGLJLWDOHOHYDWLRQ
PRGHO<HOORZGRWVKLVWRULFDOO\UHFRUGHGVHLVPLFLW\VLQFH$'UHGGRWVLQVWUXPHQWDOO\UHFRUGHGVHLVPLFLW\
ZLWKPRPHQWPDJQLWXGHV HTXDO RU JUHDWHU WKDQ  EHWZHHQ 7KH VL]HV RI WKH GRWV RI HSLFHQWUDO
LQWHQVLWLHVDQGPRPHQWPDJQLWXGHVDUHVFDOHGVXFKWKDWWKHHQHUJ\UHOHDVHLVFRPSDUDEOH7KHKLVWRULFDOO\UHFRUGHG
VHLVPLFLW\LVFOHDUO\FRQFHQWUDWHGLQWKH6(FRUQHURIWKH85*WKHVWURQJHVWUHFRUGHGHYHQWEHLQJWKH$'
%DVHOHDUWKTXDNH'DWDVRXUFH6ZLVV6HLVPRORJLFDO6HUYLFH
&KDSWHU
7ZHOYH H[SORUDWLRQ ZHOOV DUH DOLJQHG DORQJ RU SURMHFWHG LQWR WKH FURVV VHFWLRQ
UHVSHFWLYHO\ DQG FRQVWUDLQ WKH WKLFNQHVV RI WKH 7HUWLDU\ V\QULIW DQG 0HVR]RLF SUHULIW
VHGLPHQWV7KHWKLFNQHVVRIWKH3HUPLDQVHGLPHQWVKDVEHHQLPSOHPHQWHGIURP%RLJNDQG
6FK|QHLFKDQG+lULQJ7KHSRVLWLRQRIWKHXSSHUFUXVW±ORZHUFUXVWERXQGDU\
EHOLHYHG WR FRLQFLGH ZLWK WKH EULWWOHGXFWLOH WUDQVLWLRQ E\ PDQ\ EXW QRW DOO DXWKRUV LV
FRQVWUDLQHGIRUWKHHDVWHUQPRVWSDUWRIWKHVHFWLRQRQO\%RQMHU/DXEVFKHUDQG1RDFN
0D\HUHWDODQGZDVH[WUDSRODWHGRQWRWKHUHVWRIWKHVHFWLRQ7KHGHSWKRIWKH
02+2LVWDNHQIURP'q]HVHWDO
7KH VRXWKHUQPRVW 85* HVVHQWLDOO\ FRQVLVWV RI IRXU (GLSSLQJ KDOIJUDEHQV HDFK
RIWKHPERXQGHGE\D:GLSSLQJQRUPDOIDXOW7KHSUHVHQFHRIWKHVHKDOIJUDEHQVLPSOLHV
D VOLJKWO\ OLVWULF JHRPHWU\ RI WKH KDOIJUDEHQ ERXQGLQJ QRUPDO IDXOWV 3UHVXPDEO\ WKH
GHWDFKPHQWKRUL]RQ IRU WKHVH OLVWULF IDXOWV LV IRXQGQHDU WKHEULWWOHGXFWLOH WUDQVLWLRQ7KH
V\QULIWVHGLPHQWVLQWKHKDQJLQJZDOORIWKHKDOIJUDEHQVVKRZDZHGJHVKDSHGJHRPHWU\
WDSHULQJRXWWRZDUGV:
5LIWUHODWHGVXEVLGHQFHVWDUWHGLQWKH/DWH3ULDERQLDQDQGPRUHRUOHVVVLPXOWDQHRXVO\
LQ DOO IRXU KDOIJUDEHQV 7KH DUHD RI VWURQJHVW ULIWUHODWHG VXEVLGHQFH LV IRXQG LQ WKH
'DQQHPDULH %DVLQ LQ WKH: ZKHUH PRUH WKDQ  P RI V\QULIW VHGLPHQWV LQFOXGLQJ
HYDSRULWHVDQGEDVLQDOPDUOVKDYHEHHQGHSRVLWHG(RIWKH,OOIXUWKIDXOWRQO\XSWRDIHZ
KXQGUHGV RI PHWUHV RI V\QULIW VHGLPHQWV DUH SUHVHUYHG 7KHUH WKH VHGLPHQWDU\ IDFLHV
LQGLFDWHVWKDWWKH/DWH3ULDERQLDQWR(DUO\5XSHOLDQVHGLPHQWVZHUHGHSRVLWHGXQGHUVKDOORZ
ZDWHUWRHYHQWHUUHVWULFFRQGLWLRQV7KLVVXJJHVWVWKDWWKLVDUHDZDVDOUHDG\LQD³KRUVW´OLNH
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&KDSWHU
SRVLWLRQDWWKHWLPHRIULIWLQJ+RZHYHUDXQLIRUP³0XOKRXVHKRUVW´H[WHQGLQJEHWZHHQWKH
,OOIXUWKIDXOWDQGWRWKHHDVWRIERUHKROH³.QRHUULQJXH ´SUHVHQWHGE\HDUOLHUDXWKRUV6LWWOHU
'RHEOGRHVQRWH[LVW5DWKHUWKLVDUHDFRQVLVWVRIDQRWKHU(ZDUGWLOWHGKDOI
JUDEHQ GHOLPLWHGE\ WKH)HUUHWWH IDXOWZKLFK DSSDUHQWO\ZDVQRW UHFRJQLVHGE\SUHYLRXV
ZRUNHUV
7KH$OOVFKZLOJUDEHQIXUWKHUWRWKHHDVWHVVHQWLDOO\GLVSOD\VWKHVDPHJHRPHWU\DV
WKH'DQQHPDULH%DVLQEXWZLWKGHFUHDVHGWKLFNQHVVRIWKHV\QULIWVHGLPHQWV(DVWRIWKH
$OOVFKZLOIDXOWDQRWKHUKDOIJUDEHQLVIRXQGWKH7OOLQJHQJUDEHQ+HUHWKH\RXQJHVWV\Q
ULIWVHGLPHQWVRIWKHVRXWKHUQPRVW85*RI/DWH&KDWWLDQWRSRVVLEO\(DUO\$TXLWDQLDQDJH
DUHSUHVHUYHGLQWKHVRFDOOHG7OOLQJHQV\QFOLQH7KH7HUWLDU\VHGLPHQWVWDSHURXWDORQJWKH
5KHLQWDO)OH[XUHZKLFKLVXQGHUODLQE\DPDMRU:GLSSLQJEDVHPHQWIDXOW0RVWSUHVXPDEO\
WKLVEDVHPHQWIDXOWUHSUHVHQWVWKHJUDEHQERXQGLQJPDVWHUIDXOWDWWKHVRXWKHUQHQGRIWKH
85*DQGFRQFHQWUDWHVDJUHDWDPRXQWRIFXUUHQWVHLVPLFLW\
(RI WKH5KHLQWDOÀH[XUHQXPHURXVQDUURZJUDEHQVDUHSUHVHQWZKLFKDUHPRVWO\
UHVWULFWHGWRWKHVHGLPHQWDU\FRYHU7KHVHJUDEHQVFRQWDLQPRVWO\0HVR]RLFVHGLPHQWVRQO\
ZKHUHDV7HUWLDU\VHGLPHQWVKDYHEHHQODUJHO\HURGHGDQGDUHRQO\RFFDVLRQDOO\SUHVHUYHG7KH
REVHUYDWLRQWKDWWKHIDXOWVERXQGLQJWKHVHQDUURZJUDEHQVRIWHQFRQYHUJHLQD0LG7ULDVVLF
GpFROOHPHQWVXJJHVWVWKDWWKHQDUURZJUDEHQVKDYHIRUPHGGXULQJ3DODHRJHQHH[WHQVLRQGXH
WRWKHVWUHWFKLQJRIWKH0HVR]RLFVHGLPHQWDU\FRYHUEHWZHHQWKHJUDEHQERXQGLQJ5KHLQWDO
)OH[XUHDQGDPDMRUEUHDNDZD\IXUWKHU(WKHEDVHPHQWURRWHG=HLQLQJHQIDXOW/DXEVFKHU

7KHH[WHQVLRQVWRUHGLQWKHFURVVVHFWLRQ)LJLVHVWLPDWHGTXLFNHVWE\FRPSDULQJ
WKHGHIRUPHGDQGUHVWRUHGOHQJWKVRIUHIHUHQFHKRUL]RQVEHWZHHQWZR³SLQSRLQWV ´+HUHWKH
WRSRIWKH0HVR]RLFVXFFHVVLRQZDVFKRVHQDVVXFKDUHIHUHQFHKRUL]RQEHFDXVHLWVSRVLWLRQ
LVZHOO FRQVWUDLQHG IURP VXEVXUIDFH GDWD DFURVV WKH ODUJHVW SDUW RI WKH FURVV VHFWLRQ %\
DVVXPLQJDFRQVWDQW WKLFNQHVVRI WKH0HVR]RLFVXFFHVVLRQ WKH WRS0HVR]RLFKRUL]RQZDV
WKHQH[WUDSRODWHGRQWRWKRVHSDUWVRIWKHFURVVVHFWLRQZKHUHLWKDVDOUHDG\EHHQHURGHG7KLV
QHHGHGWREHDSSOLHGRQO\WRWKHZHVWHUQDQGHDVWHUQHQGVRIWKHFURVVVHFWLRQUHVSHFWLYHO\
)LJ VKRZV WKHGHIRUPHGDQG UHVWRUHG OHQJWKVRI WKH WRS0HVR]RLFKRUL]RQPHDVXUHG
EHWZHHQDZHVWHUQSLQSRLQWZKLFKFRLQFLGHVZLWKWKHZHVWHUQHQGRIWKHFURVVVHFWLRQDQG
DQ HDVWHUQSLQSRLQW VLWXDWHGNP(RI WKH=HLQLQJHQ)DXOW7KHSRVLWLYH OHQJWK FKDQJH
HTXDOVWKHH[WHQVLRQDPRXQWDQGLVRQWKHRUGHURINP'LYLGLQJWKHOHQJWKFKDQJHE\WKH
UHVWRUHGOHQJWKJLYHVDQH[WHQVLRQHRI7DNLQJDWLPHLQWHUYDORI0DIRUWKHPDLQ
VXEVLGHQFHSXOVHLQWKHVRXWKHUQ85*WKHFRUUHVSRQGLQJVWUDLQUDWHFDQEHHVWLPDWHGWREH
RQWKHRUGHURIV7KHVHFDOFXODWLRQVVKRZWKDWWKHVRXWKHUQ85*LVERWKDORZVWUDLQ
DQGORZVWUDLQUDWHULIW
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7KH 0HVR]RLF FRYHU UDQJHV LQ DJH IURP /RZHU 7ULDVVLF WR 8SSHU -XUDVVLF ,Q QRUWKHUQ
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:KLOHSDUWO\ELWXPLQRXVPDUOVDQGHYDSRULWHVDFFXPXODWHG
LQWKH0XOKRXVHDQG'DQQHPDULHEDVLQV6DOW)RUPDWLRQ'RHEO6LVVLQJKIUHVK
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)LJ*HRORJLFWHFWRQLFPDSRIWKHVRXWKHUQPRVW8SSHU5KLQH*UDEHQDQGDGMDFHQWDUHDV$O $OOVFKZLO)DXOW
'0 'DQQHPDULH%DVLQ) )ORULPRQWÀH[XUH)H )HUUHWWHIDXOW,) ,OOIXUWK)DXOW5 5pFKpV\ÀH[XUH)ROG
D[HVDUHRQO\VKRZQDORQJWKH-XUDIURQW1HRJHQHWKUXVWVDUHQRWVKRZQ7RSULJKW%* %UHVVH*UDEHQ5%7=
 5KLQH%UHVVH7UDQVIHU=RQH85* 8SSHU5KLQH*UDEHQ

&KDSWHU
WREUDFNLVKZDWHUDQGHYHQWHUUHVWULFVHGLPHQWDWLRQSUHYDLOHGRQKRUVWVLQWKHVRXWKHUQPRVW
JUDEHQSDUW³0HODQLDOLPHVWRQH´0HPEHURIWKH/RZHU6DOW)RUPDWLRQ³+DXVWHLQ´0HPEHU
RIWKH8SSHU6DOW)RUPDWLRQ6LVVLQJK&RDUVHFRQJORPHUDWHVIRUPHGDORQJWKHJUDEHQ
PDUJLQVLQUHVSRQVHWRLQFUHDVLQJXSOLIWDQGHURVLRQRIWKHULIWÀDQNV'XULQJHU7KLV
VW\OHRIVHGLPHQWDWLRQSHUVLVWHGXQWLOWKH/RZHU5XSHOLDQ'XULQJHU3LFRW
)XOOPDULQHFRQGLWLRQVZHUHQRWHVWDEOLVKHGEHIRUHWKH8SSHU5XSHOLDQWUDQVJUHVVLRQ
RI WKH ³)RUDPLQLIHUD0DUO´ ³)LVFKVFKLHIHU´ DQG ³0HOHWWD EHGV´ )LVFKHU D )LVFKHU
 'XULQJHU  7KHVH VHGLPHQWV JUDGH VRXWKZDUG LQWR WKLQEHGGHG FRPSDFW
FDOFDUHQLWHV WKH VRFDOOHG ³0HHUHVVDQG´ LQGLFDWLQJ FRDVWDO IDFLHV )LVFKHU D 7KH
VSDWLDOGLVWULEXWLRQRIWKH8SSHU5XSHOLDQVHGLPHQWVLQFOXGHVGRPDLQVZLWKLQWKH7DEXODUDQG
)ROGHG-XUDDVIDUVRXWKDVWKH'HOpPRQW%DVLQ)LJ'XULQJWKH&KDWWLDQVHGLPHQWDWLRQ
RQFHDJDLQEHFDPHEUDFNLVK³&\UHQD0DUOV´DQGHYHQWXDOO\ÀXYLRODFXVWULQH³$OVDFLDQ
0RODVVH´)LVFKHUD)LVFKHU8SSHU&KDWWLDQWRORZHUPRVW$TXLWDQLDQIUHVKZDWHU
OLPHVWRQHV IRUPHG LQ D SHULRG ZKHQ FRQQHFWLRQV WR WKH PDULQH UHDOP ZHUH LQWHUUXSWHG
6LVVLQJK
'XULQJ WKH%XUGLJDOLDQ ULIWUHODWHG VXEVLGHQFH RI WKH VRXWKHUQ85* VWRSSHG DQG
LWVVHGLPHQWDU\¿OOZDVVXEMHFWHGWRHURVLRQ/DXEVFKHU'q]HVHWDOVXEPLWWHG7KLV
HURVLRQZDV UHODWHG WR WKHXSOLIWRI WKH9RVJHV%ODFN)RUHVWDUFKZKLFKGHYHORSHGHLWKHU
LQ UHVSRQVH WR WKH DUULYDO RI WKH QRUWKZDUGPLJUDWLQJ$OSLQH IRUHEXOJH /DXEVFKHU 
/DXEVFKHURU LQUHVSRQVH WR OLWKRVSKHULFIROGLQJ=LHJOHUHWDO LQSUHVV7KHXSOLIW
ZDV DVVRFLDWHGZLWK D FKDQJH LQ WKH UHJLRQDO VWUHVV SDWWHUQ IURP YHUWLFDOV DQG:1:
(6( WUHQGLQJV WRKRUL]RQWDO DQG11:66(WUHQGLQJV /DUURTXHDQG/DXUHQW
0DULQH%XUGLJDOLDQVHGLPHQWVXQFRQIRUPDEO\RYHUO\LQJ&KDWWLDQWRORZHUPRVW$TXLWDQLDQ
IUHVKZDWHUOLPHVWRQHVLQWKH'HOpPRQW%DVLQPDUNWKHWUDQVJUHVVLRQRIWKH8SSHU0DULQH
0RODVVH200.RFK+HQFHWKLVWUDQVJUHVVLRQLVE\QRPHDQVUHODWHGWRUHQHZHG
H[WHQVLRQLQWKH8SSHU5KLQH*UDEHQEXWUDWKHUWRVXEVLGHQFHRIWKH0RODVVH%DVLQLQIURQW
RIWKHDGYDQFLQJ$OSLQHRURJHQ6LVVLQJK7KLVLVFOHDUO\HYLGHQFHGLQWKH7DEXODU-XUD
HDVWRI%DVHOZKHUH(R2OLJRFHQHQRUPDOIDXOWVDUHXQFRQIRUPDEO\RYHUODLQDQGVHDOHGE\
WKHWUDQVJUHVVLRQRIWKH200%X[WRUI%LWWHUOL%UXQQHU
&RQWURORI/DWH3DODHR]RLFVWUXFWXUHVRQ3DODHRJHQHULIWLQJ
7KH GLVWULEXWLRQ RI SDUWO\ IDXOWFRQWUROOHG 3HUPR&DUERQLIHURXV WURXJKV LQ
QRUWKHUQ6ZLW]HUODQGDQGDGMDFHQW)UDQFHDQG*HUPDQ\ LVJLYHQ LQ)LJ7KH WKLFNQHVV
RI&DUERQLIHURXVWR3HUPLDQVHGLPHQWV%RLJNDQG6FK|QHLFK%RLJNDQG6FK|QHLFK
LVFRQVWUDLQHGE\RXWFURSV/XW]DQGE\H[SORUDWLRQZHOOVVRPHRIZKLFK
ERWWRPHGLQWKHEDVHPHQW6FKPDVVPDQQDQG%D\UDPJLO'LHEROG+lULQJ
7KHVXEVXUIDFHIDXOWVVKRZQLQ)LJZHUHDGRSWHGIURP)UHQFKVXEFURSPDSV'HEUDQG
3DVVDUGDQG&RXUERXOHL[ UHSRUWVRI WKH6ZLVV1DWLRQDO&RRSHUDWLYH IRU6WRUDJHRI

6LPXOWDQHRXVQRUPDOIDXOWLQJDQGH[WHQVLRQDOÀH[XULQJ
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&KDSWHU
1XFOHDU:DVWH /DXEVFKHU  6SUHFKHU DQG0OOHU 'LHEROG 'LHEROG DQG
1DHIDQGUHVXOWVRIWKH6ZLVV1DWLRQDO5HVHDUFK3URJUDP153'LHEROGDQG1RDFN
/DXEVFKHUDQG1RDFN3¿IIQHUHWDO,VRSDFKVDQGIDXOWWUDFHVZHUHORFDOO\
PRGL¿HGDFFRUGLQJWRRXURZQREVHUYDWLRQV
7KHVDOLHQWIHDWXUHRI)LJLVWKHRFFXUUHQFHRIDV\VWHPRIJHQHUDOO\(1(WUHQGLQJ
QDUURZ DQG HORQJDWHG SUHGRPLQDQWO\ IDXOWERXQGHG WURXJKV EHQHDWK WKH QRUWKHUQ )ROGHG
-XUD0RXQWDLQVDQGWKHLUIRUHODQG7KLVNPZLGHWURXJKV\VWHPH[WHQGVIURP/DNH
&RQVWDQFHLQWKHHDVWLQWRWKHFHQWUDOSDUWRI)LJ³&RQVWDQFH)ULFNWURXJK´DQGLV¿OOHG
ZLWKXSWRPRI3HUPR&DUERQLIHURXVFODVWLFVHGLPHQWV,WIROORZVWKHVWUXFWXUDOJUDLQ
RIWKH9DULVFDQEHOWDQGGHYHORSHGLQUHVSRQVHWRSRVW9DULVFDQWUDQVWHQVLRQ=LHJOHU
'LIIHUHQWLDOVXEVLGHQFHLQWKHVHLQWUDPRQWDQHWURXJKVHQGHGLQ0LG3HUPLDQWLPHVJLYLQJ
ZD\WRUHJLRQDOWKHUPDOVXEVLGHQFHRIWKHDUHD=LHJOHUHWDOLQSUHVV
7KHZHVWHUQFRQWLQXDWLRQRIWKH&RQVWDQFH)ULFNWURXJKLQWRWKHVWXG\DUHDFRLQFLGHV
ZLWKWKHVRXWKHUQWHUPLQDWLRQRIWKH85*DQGWKHORFDWLRQRIWKH5%7='XHWRWKHVFDUFLW\
RIZHOOGDWD LQ WKLV DUHD WKH VWUXFWXUHRI WKLVSDUWRI WKH WURXJK LVPDLQO\FRQVWUDLQHGE\
UHÀHFWLRQVHLVPLFGDWD,QWKHVRXWKHUQ9RVJHVIXUWKHUWRWKHZHVWWKHWKLFNQHVVRI3HUPR
&DUERQLIHURXV VHGLPHQWV LV FRQVWUDLQHG E\ RXWFURSV $ GLVWLQFWLRQ ZDV PDGH EHWZHHQ
³GHHSWURXJKV´WKLFNQHVVRI3HUPLDQVHGLPHQWV!PDQG³WURXJKVKRXOGHUV´P
3HUPLDQ'HVSLWH OLPLWHGZHOODQGVHLVPLFFRQWURO LW LVREYLRXV WKDW WKH&RQVWDQFH)ULFN
WURXJK OLQNVXSZLWK WKHVRXWKHUQEUDQFKRI WKH%XUJXQG\ WURXJK1HYHUWKHOHVVDQDUURZ
KRUVW DSSDUHQWO\ VHSDUDWHV WKH %XUJXQG\ DQG &RQVWDQFH)ULFN WURXJK LQ WKH DUHD RI WKH
VRXWKHUQPRVW85*)LJ$ODUJHSDUWRIWKLV/DWH3DODHR]RLFWURXJKV\VWHPWHUPLQDWHV
WRWKHHDVWDWWKH1(WR1WUHQGLQJ:HKUDWDO)DXOW³:)´LQ)LJ:KLOH3HUPLDQFODVWLFV
DUHSUHVHQWEHORZWKH7ULDVVLF%XQWVDQGVWHLQZHVWRIWKH:)WKH\DUHPLVVLQJHDVWRIWKLV
IDXOWZKHUH%XQWVDQGVWHLQUHVWVGLUHFWO\RQWKHJUDQLWLFEDVHPHQWRIWKH%ODFN)RUHVW7KLV
VXJJHVWV/DWH3DODHR]RLFGLIIHUHQWLDOYHUWLFDOPRWLRQVDFURVVWKLVIDXOW
7KH³5KHQLVKIDXOW´³5)´LQ)LJIXUWKHUWRWKHZHVWZDVDOVRDFWLYHGXULQJWKH
/DWH3DODHR]RLFDQGKDVD WUHQGVLPLODU WR WKH:),WV ORFDWLRQFRLQFLGHVZLWK WKHHDVWHUQ
ERUGHU IDXOW RI WKH VRXWKHUQPRVW85* ,W DOVR VHSDUDWHV DUHDVRI FRQWUDVWLQJ WKLFNQHVVRI
3HUPR&DUERQLIHURXVVHGLPHQWVLH!DQGPZHVWDQGHDVWRIWKH5)UHVSHFWLYHO\
VHH)LJ7KHVSDWLDOFRLQFLGHQFHRIWKH5KHQLVKIDXOWZLWKWKHVRXWKHDVWHUQERUGHUIDXOWRI
WKHIXWXUH85*LOOXVWUDWHVWKDWSDUWVRILWZHUHORFDOLVHGDORQJSUHH[LVWLQJ/DWH3DODHR]RLF
IDXOWV*HRPDJQHWLFVWXGLHVUHYHDOHGRWKHUVXFK11(WUHQGLQJ/DWH3DODHR]RLFIDXOWVLQWKH
VXEVXUIDFHRIWKH85*DQGLQWKH9RVJHVDQG%ODFN)RUHVW(GHODQG)OXFN,QWKH
VRXWKHUQ%ODFN)RUHVW8SSHU&DUERQLIHURXVWR3HUPLDQODPSURSK\UHVDQGDSOLWLFGLNHVDUH
VXESDUDOOHO WR WKH85* :HUQHU DQG)UDQ]NH  DQG UHIHUHQFHV WKHUHLQ (YLGHQFH IRU
0HVR]RLFUHDFWLYDWLRQRI/DWH3DODHR]RLFIDXOWVKDVUHFHQWO\EHHQSURYLGHGE\VWUDWLJUDSKLF
LQYHVWLJDWLRQV LQ WKH QRUWKHUQ 6ZLVV -XUD 0RXQWDLQV ZKHUH IDFLHVERXQGDULHV EHWZHHQ
EDVLQVDQGKLJKVWHQGWREHDOLJQHGZLWKWKH5KHQLVKIDXOWDQGRWKHUIHDWXUHVRIWKH3HUPR

6LPXOWDQHRXVQRUPDOIDXOWLQJDQGH[WHQVLRQDOÀH[XULQJ
&DUERQLIHURXVWURXJK$OOHQEDFK$OOHQEDFK:HW]HOHWDO
,QVXPPDU\WKHORFDWLRQRIWKHVRXWKHUQHQGRIWKH85*DQGLWVFRQQHFWLRQZLWKWKH
%UHVVH*UDEHQYLDWKH5%7=DSSHDUVWREHFRQWUROOHGE\WZRSUHH[LVWLQJIDXOWVHWV$¿UVW
VHW FRQVLVWVRI(1(WUHQGLQJ IDXOWV UHIHUUHG WR DV WKH ³3HUPR&DUERQLIHURXV VHW´ZKLFK
IRU H[DPSOH GHOLPLWV WKH VPDOO 3DODHR]RLF KLJK ORFDWHG EHWZHHQ WKHZHVWHUQ SDUW RI WKH
&RQVWDQFH)ULFNWURXJKDQGWKHHDVWHUQPRVWPDLQSDUWRIWKH%XUJXQG\WURXJK7KHVHFRQG
³5KHQLVK´VHWUHIHUVWRWKH11(WUHQGLQJIDXOWV,QWKHIROORZLQJZHDSSO\WKHVHWHUPVDOVRWR
IDXOWVHWVWKDWZHUHDFWLYHGXULQJ7HUWLDU\ULIWLQJVLQFHORFDOLVDWLRQRIWKH85*DQGWKH5%7=
ZDVFRQWUROOHGE\WKHVH/DWH3DODHR]RLFIDXOWV\VWHPV
6XEVXUIDFHGDWD
6WUXFWXUHRIWKHEDVHRIWKH0HVR]RLFVXUIDFH
,QRUGHUWRGH¿QHWKHVWUXFWXUDOFRQ¿JXUDWLRQRIWKHEDVHRIWKH0HVR]RLFVXUIDFHRU
EDVH0HVR]RLFVXUIDFHIRUVKRUWDFRQWRXUPDSRIWKLVVXUIDFHLQFOXGLQJWKHIDXOWWUHQGV
GLVVHFWLQJLWZDVFRPSLOHG$QHWZRUNRILQGXVWU\W\SHUHÀHFWLRQVHLVPLFOLQHVZDVDQDO\VHG
FRYHULQJDQDSSUR[LPDWHO\E\NPZLGHDUHDVWUDGGOLQJWKHVRXWKHUQPRVW85*DQGWKH
VRXWKZDUGDGMDFHQW7DEXODUDQG)ROGHG-XUDERWWRPFHQWUHLQVHWLQ)LJ0RUHRYHUVL[
H[SORUDWLRQZHOOV6FKPLGWHWDO%5*0XQSXEOLVKHGDOORZHGWKHFRUUHODWLRQRIVHLVPLF
UHÀHFWRUVZLWKGULOOHGOLWKRORJLHV)LJ)RXURIWKHVHZHOOVSHQHWUDWHGWKH7HUWLDU\¿OODQG
ERWWRPHG LQ0HVR]RLF VHGLPHQWVZKHUHDV WKH RWKHU WZR UHDFKHG3DODHR]RLF VLOLFLFODVWLFV
DQGRUWKHFU\VWDOOLQHEDVHPHQW7KHFRUUHODWHGORJVRIWKHSHQHWUDWHG7HUWLDU\DQG0HVR]RLF
VHGLPHQWDU\VXFFHVVLRQWRJHWKHUZLWKWKHREVHUYHGVHLVPLFLQWHUYDOYHORFLWLHVRIWKUHHRIWKH
ZHOOVDUHVKRZQLQ)LJ7KHEDVHRIWKH0HVR]RLFVXFFHVVLRQLVRIWHQPDUNHGE\DQDQJXODU
XQFRQIRUPLW\EHWZHHQ3HUPLDQFODVWLFVHULHVDQGWKHRYHUO\LQJEDVDO7ULDVVLF%XQWVDQGVWHLQ
7KH0HVR]RLFVHULHVH[KLELWDUHPDUNDEO\FRQVWDQWWKLFNQHVVDVHYLGHQWIURPZHOOORJVDQG
VWULFWO\SDUDOOHOVHLVPLFUHÀHFWLRQV2QFHWKHEDVHRIWKH0HVR]RLFKDGEHHQLGHQWL¿HGE\
¿QGLQJ WKHDQJXODUXQFRQIRUPLW\ LWZDVH[WUDSRODWHG WKURXJKRXW WKH UHPDLQLQJSDUWRID
VHLVPLF VHFWLRQDQG VXEVHTXHQWO\RQWR LQWHUVHFWLQJ OLQHV7KH WRS0HVR]RLFXQFRQIRUPLW\
LVRIWHQPDUNHGE\RQODSSLQJ7HUWLDU\UHÀHFWLRQV)XUWKHUPRUHWKLVXQFRQIRUPLW\JLYHVULVH
WRDGLVFUHWHUHÀHFWRUGXHWRWKHKLJKDFRXVWLFLPSHGDQFHFRQWUDVWVEHWZHHQWKHXSSHUPRVW
0HVR]RLFDQGORZHUPRVW7HUWLDU\OD\HUV
$IWHU LGHQWL¿FDWLRQRI WKHEDVHRI WKH0HVR]RLFRQ WKH VHLVPLF OLQHV LWVGHSWK LQ
VHFRQGVWZRZD\WUDYHOWLPHV7:7ZDVSORWWHGRQDPDSDQGFRQWRXUHGPDQXDOO\7KH
UHVXOWLQJPDS VHLVPLF UHIHUHQFHGDWXPDW PDERYH VHD OHYHO)LJ  VKRZV WKDW WKH
GHSWK RI WKH EDVH0HVR]RLF VXUIDFH UDQJHV IURP WR  V7:7 LQ WKHPDSSHG DUHD
7KLVFRUUHVSRQGVWRDGHSWKUDQJHRIEHWZHHQDERXWPDQGPEHORZVHDOHYHODV
FDOFXODWHGIURPVHLVPLFYHORFLWLHVREWDLQHGIURPWKHH[SORUDWLRQZHOOV%XL[EDVH0HVR]RLF

&KDSWHU
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)LJ/RJVRIWKUHHH[SORUDWLRQZHOOVLQWKHVWXG\DUHDVKRZLQJWKH0HVR]RLFWR3DODHRJHQHVWUDWLJUDSK\SORWWHG
YHUVXVWZRZD\WUDYHOWLPHVLQVHFRQGVV7:77KHUHVXOWLQJLQWHUYDOYHORFLWLHVDUHLQPHWUHVSHUVHFRQG%0 
EDVH0HVR]RLF0 WRS0XVFKHONDON. WRS.HXSHU/ WRS/LDV2 WRS$DOHQLDQ' WRS'RJJHU$ WRS
0DOP7KHDSSUR[LPDWHO\PWKLFN8SSHU5XSHOLDQLQWHUYDOZHOOV6XQGDQG6XQGFRUUHVSRQGVWRWKH
PRVWLPSRUWDQWUHÀHFWRU³5´LQWKHV\QULIWVHGLPHQWV%RWWRPFHQWUHLQVHWORFDWLRQRIWKHLQYHVWLJDWHGVHLVPLF
OLQHVDQGVL[H[SORUDWLRQVZHOOVXVHG1XPEHUVRQPDSPDUJLQUHIHUWR6ZLVV1DWLRQDOFRRUGLQDWHV
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)LJ6WUXFWXUDOPDSRIWKHEDVH0HVR]RLFVXUIDFHLQV7:7DQGGLVVHFWLQJIDXOWV7KHUHIHUHQFHGDWXPLVDW
PDERYHVHDOHYHO1XPEHUVRQPDSPDUJLQUHIHUWR6ZLVV1DWLRQDOFRRUGLQDWHV7RSULJKWLQVHWGLVWULEXWLRQRI
(R2OLJRFHQHFRQJORPHUDWHVDORQJWKHHQpFKHORQÀH[XUHV

6LPXOWDQHRXVQRUPDOIDXOWLQJDQGH[WHQVLRQDOÀH[XULQJ
DWPEHORZVHD OHYHODQG.QREDVH0HVR]RLFDWPEHORZVHD OHYHOERWKRI
ZKLFKKDGSHQHWUDWHGWKHEDVHRIWKH0HVR]RLFVXFFHVVLRQ7KHVKDOORZHVWHOHYDWLRQVRIWKH
EDVH0HVR]RLF VXUIDFH DUH IRXQG EHQHDWK WKH H[SRVHG0HVR]RLF LQ WKH VRXWKZKHUH WKLV
VXUIDFHUHYHDOVRQO\PRGHUDWHUHOLHI6XEVWDQWLDOUHOLHILVREVHUYHGLQWKHDUHDRIWKH85*
ZKHUHWKHEDVHRIWKH0HVR]RLFUHDFKHVLWVJUHDWHVWGHSWKLQWKH'DQQHPDULH%DVLQ)LJ
7ZR VHWV RI GLIIHUHQWO\ RULHQWHG QRUPDO IDXOWV GLVVHFW WKH EDVH0HVR]RLF VXUIDFH
WKH 5KHQLVK VHW ZKLFK WUHQGV 11( 1 SDUDOOHO WR WKH 85* DQG WKH 3HUPR
&DUERQLIHURXV VHW ZKLFK WUHQGV (1( 1 SDUDOOHO WR WKH /DWH 3DODHR]RLF WURXJK
V\VWHP FRPSDUH ZLWK )LJ  )DXOW KHDYH LV RQO\ VLJQL¿FDQW DORQJ WZR RI WKH PDSSHG
IDXOWV7KHODUJHVWIDXOWLGHQWL¿HG)HUUHWWH)DXOW)LJFDQEHWUDFHGIRUNPLQD11(
GLUHFWLRQ,WSUREDEO\H[WHQGVIXUWKHUVRXWKLQWRWKH)ROGHG-XUD0RXQWDLQVDVGHGXFHGIURP
WKHSDUDOOHOLVPEHWZHHQWKHIDXOWWUHQGDQGWKHVWULNHRIWKHZHVWHUQSDUWRIWKHFRQVSLFXRXVO\
QRUWKZDUGSURWUXGLQJ1HRJHQH)HUUHWWHDQWLFOLQHDVZHOODVIURPQXPHURXVPLQRUIDXOWVLQWKH
GHWDFKHG0HVR]RLF)LJ7KH)HUUHWWH)DXOWUHYHDOVDWRSWRWKH:QRUPDOIDXOWJHRPHWU\
DQG IRUPV WKH HDVWHUQERXQGDU\RI DQ(R2OLJRFHQHKDOIJUDEHQ7KH WKURZRI WKLV IDXOW
YDULHVDORQJVWULNHUDQJLQJIURPDSSUR[LPDWHO\V7:7LQWKHVRXWKWRDSSUR[LPDWHO\
V7:7DORQJLWVFHQWUDOSDUWVFRUUHVSRQGLQJWRYDOXHVLQWKHRUGHURIWRP)XUWKHU
WRWKHQRUWKLWVWKURZGLPLQLVKHVDJDLQVXJJHVWLQJDQRUWKZDUGWHUPLQDWLRQRIWKH)HUUHWWH
)DXOWRXWVLGHRIWKHDUHDPDSSHG,QWHUHVWLQJO\WKHJUHDWHVWWKURZLVPHDVXUHGLQWKHDUHDRI
WKHDORQJVWULNHSURORQJDWLRQRIWKH(1(RULHQWHG)ORULPRQWDQG5pFKpV\ÀH[XUHVHDVWHUQ
SDUWRISUR¿OH%%¶LQGLFDWHGLQ)LJ
:HVW DQG HDVW RI WKH )HUUHWWH IDXOW DGGLWLRQDO 11(WUHQGLQJ QRUPDO IDXOWV ZHUH
PDSSHGWKHPRVWLPSRUWDQWRIZKLFKLVWKH³,OOIXUWK)DXOW´GHOLPLWLQJWKH'DQQHPDULH%DVLQ
WRWKHHDVW)LJ,QWHUHVWLQJO\WKHWKURZRIWKLVIDXOWSURJUHVVLYHO\GLPLQLVKHVVRXWKZDUGV
XQWLOLWEHFRPHVLQVLJQL¿FDQWDORQJDQ(1(RULHQWHG]RQHSDUDOOHOLQJWKHHQpFKHORQDOLJQHG
ÀH[XUHV)LJ
7KHPRVWLPSRUWDQWRIWKH(1(WUHQGLQJIDXOWV3HUPR&DUERQLIHURXVVHWLVORFDWHG
EHQHDWK WKH )ORULPRQW DQG5pFKpV\ ÀH[XUHV )LJV   DQG $SDUW IURP WKH HYLGHQFH
SURYLGHGE\)LJ  LWV H[LVWHQFH FDQEH LQIHUUHG IURP WKH HQpFKHORQDUUDQJHPHQWRI WKH
ÀH[XUHVZKLFKLQGLFDWHVWKDWDQXQGHUO\LQJEDVHPHQWIDXOWDFFRPPRGDWHGVLQLVWUDOZUHQFK
PRWLRQVSDUDOOHOWRWKH5%7=8VWDV]HZVNLHWDOLQSUHVV2WKHUIDXOWVSDUDOOHOLQJWKLVWUHQG
ZHUHLGHQWL¿HGIXUWKHUVRXWKZLWKLQWKHDXWRFKWKRQRXV0HVR]RLFDQGDORQJWKHQRUWKHUQDQG
VRXWKHUQERUGHURIWKHOR]HQJHVKDSHG7HUWLDU\EDVLQORFDWHGDWWKHVRXWKHUQHQGRISUR¿OH
$$¶ )LJ 7KH DPRXQW RI WKURZDORQJ WKH ODWWHU IDXOWV LV LQ WKHRUGHU RI  V7:7
FRUUHVSRQGLQJWRVRPHP

&KDSWHU
6HLVPLFVHFWLRQV
)LJ  GHSLFWV D 11:66(WUHQGLQJ  NP ORQJ UHÀHFWLRQVHLVPLF SUR¿OH WKDW
FURVVHV WKH5pFKpV\ÀH[XUH VHH)LJ  ORFDWHGDW WKH VRXWKHUQPDUJLQRI WKH85* IRU
ORFDWLRQVHH)LJ1RUWKRIWKHFUHVWRIWKHÀH[XUH0HVR]RLFVWUDWDFKDUDFWHULVHGE\VWULFWO\
SDUDOOHOUHÀHFWLRQVGLSXQLIRUPO\WRWKHQRUWK8SSHU3ULDERQLDQWR/RZHU5XSHOLDQV\QULIW
VHGLPHQWVRQODSWKHWRS0HVR]RLFXQFRQIRUPLW\DQGZHGJHRXWDORQJWKHQRUWKHUQÀDQNRI
WKHÀH[XUH$FURVVWKHÀH[XUH¶VFUHVW0HVR]RLFVHLVPLFUHÀHFWRUVDUHLQWHQVHO\GLVWXUEHG
7KHEDVHRIWKH0HVR]RLFLVYHUWLFDOO\RIIVHWDFURVVDUHODWLYHO\ZLGHEDVHPHQWIDXOW]RQH
ZLWKDWRSWRWKHQRUWKQRUPDOIDXOWFRPSRQHQWWKDWWUHQGVDSSUR[LPDWHO\(1()LJ7KLV
IDXOW]RQHSUHVXPDEO\UHSUHVHQWVDUHDFWLYDWHG/DWH3DODHR]RLFKLJKDQJOHEDVHPHQWIDXOW
GHOLPLWLQJ3HUPR&DUERQLIHURXVWURXJKVDQGKLJKVVHH)LJ
6RXWKRIWKHKLQJHRIWKHÀH[XUH0HVR]RLFUHÀHFWRUVGLSJHQWO\WRWKHVRXWK7KLVLV
GXHWRSRVW/DWH3OLRFHQHUHDFWLYDWLRQDQGVKRUWHQLQJWKDWPRGL¿HGWKHIRUPHUO\H[WHQVLRQDO
ÀH[XUH LQWR D JHQWOH DQWLFOLQH *LDPERQL HW DO  )XUWKHU VRXWK LQ WKH7DEXODU -XUD
FKDUDFWHULVHG E\ VXEKRUL]RQWDO 0HVR]RLF UHÀHFWLRQV WKH VHLVPLF OLQH UXQV DFURVV WKH
VRXWKZHVWHUQHQGRIDVPDOO7HUWLDU\HPED\PHQW6RXWKRIDJHQWOHDQWLFOLQH9HQGOLQFRXUW
DQWLFOLQH0H\HUHWDOZKLFKLQYHUWVDQDSSUR[LPDWHO\NPZLGH0HVR]RLFKRUVW
0HVR]RLF UHÀHFWRUVDJDLQGLS VRXWKZDUGEHQHDWK WKH¿OORID VPDOO LQWUDPRQWDQH7HUWLDU\
EDVLQ7KHIRUPHU0HVR]RLFKRUVWQRUWKRIWKLVEDVLQLVERXQGHGE\(1(WUHQGLQJEDVHPHQW
IDXOWV$JDLQWKHVHIDXOWVSUHVXPDEO\IRUPHGGXULQJ3HUPR&DUERQLIHURXVWUDQVWHQVLRQDQG
ZHUHUHDFWLYDWHGLQH[WHQVLRQGXULQJWKH3DODHRJHQH$WWKHEDVHRIWKH0HVR]RLFOHYHOWKHLU
WKURZLVLQWKHRUGHURIFV7:7FRUUHVSRQGLQJWRVRPHP
$ORQJ WKH QRUWKHUQ ULP RI WKH )ORULPRQW DQG 5pFKpV\ ÀH[XUHV RXWFURSSLQJ
FRQJORPHUDWHV FRQVLVW H[FOXVLYHO\ RI 8SSHU -XUDVVLF PDWHULDO WRS ULJKW LQVHW LQ )LJ 
6HGLPHQWRORJLFDOFULWHULDLQGLFDWHWUDQVSRUWLQZDGLOLNHVHWWLQJV'XULQJHUZKHUHDV
LQWHUFDODWLRQVRIFDOFDUHQLWHVVXJJHVWGHSRVLWLRQLQDFRDVWDOHQYLURQPHQW%LRVWUDWLJUDSKLF
PDUNHUV ZLWKLQ OLWKRORJLFDOO\ LGHQWLFDO FRQJORPHUDWHV IXUWKHU VRXWK LQ WKH 7DEXODU -XUD
WHVWLI\WRWKHLU8SSHU3ULDERQLDQWR/RZHU5XSHOLDQDJH3LFRW3LFRWHWDOLQSUHVV
7KLV LQGLFDWHV WKDW WKH )ORULPRQW DQG5pFKpV\ ÀH[XUHV VWDUWHG WR IRUP GXULQJ WKH8SSHU
3ULDERQLDQ
)LJVKRZVD:6:(1(RULHQWHGUHÀHFWLRQVHLVPLFSUR¿OHDFURVVDQDSSUR[LPDWHO\
NPZLGHKDOIJUDEHQIRUORFDWLRQVHH)LJXUHWKDWLVERXQGHGLQWKHHDVWE\WKHZHVW
GLSSLQJEDVHPHQWURRWHG)HUUHWWHJURZWKIDXOW8SSHU3ULDERQLDQWR/RZHU5XSHOLDQV\QULIW
VHGLPHQWVIRUPDQDV\PPHWULFZHGJHZKLFKRQODSVWKHEDVH7HUWLDU\XQFRQIRUPLW\WRZDUGV
WKHZHVW,QWKHLPPHGLDWHYLFLQLW\RIWKHIDXOWDQDOPRVWWUDQVSDUHQWVHLVPLFIDFLHVSRVVLEO\
LQGLFDWHVWKHSUHVHQFHRISRRUO\VRUWHG3ULDERQLDQ5XSHOLDQFRQJORPHUDWHVEHQHDWKWKH³5´
UHÀHFWRU7KLVLVFRPSDWLEOHZLWKWKHRFFXUUHQFHRIVLPLODUFRQJORPHUDWHVDGMDFHQWWRIDXOWV
DQGÀH[XUHVLQWKHVWXG\DUHDWRSULJKWLQVHWLQ)LJ:HVWZDUGWKHV\QULIWVHGLPHQWVWDSHU
RXWWRZDUGVDQHDVWGLSSLQJEDVHPHQWIDXOWIRUPLQJWKHZHVWHUQERXQGDU\RIWKHKDOIJUDEHQ

6LPXOWDQHRXVQRUPDOIDXOWLQJDQGH[WHQVLRQDOÀH[XULQJ
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6LPXOWDQHRXVQRUPDOIDXOWLQJDQGH[WHQVLRQDOÀH[XULQJ
DQGFRUUHVSRQGLQJWRWKHHDVWHUQIDXOWERXQGHGWHUPLQDWLRQRIWKH5pFKpV\ÀH[XUH
7KH V\QULIWVHGLPHQWV FRQWDLQHG LQ WKLV KDOIJUDEHQ FRQVLVW RI PDUO\ DQG SODW\
³+DXVWHLQ´ OLPHVWRQHV7KHVH VHGLPHQWVZKLFKZHUH SHQHWUDWHG E\ ERUHKROH ³6XQG´
ORFDWHGVRPHNPQRUWKRIWKHVHLVPLFOLQHVHH)LJDUHRI8SSHU3ULDERQLDQWR/RZHU
5XSHOLDQDJHDVLQIHUUHGIURPELRVWUDWLJUDSKLFGDWDJDWKHUHGLQRXWFURSVDORQJWKHIURQWRI
WKH -XUD0RXQWDLQV )LVFKHU D )LVFKHU E /LQLJHU E'XULQJHU  3LFRW
3LFRWHW DO LQSUHVV$SURQRXQFHG UHÀHFWRU FRUUHVSRQGLQJ WR WKH8SSHU5XSHOLDQ
³0HHUHVVDQG´³5´ LQ)LJ VHHDOVR)LJRYHUVWHSV WKH IRRWZDOORI WKH)HUUHWWH IDXOW
ZKHUH8SSHU3ULDERQLDQ WR/RZHU5XSHOLDQ VHGLPHQWV DUHPLVVLQJ7KLV LV HYLGHQFHGE\
ERUHKROH³6XQG´)LJDQGZKLFKSHQHWUDWHG8SSHU5XSHOLDQPDULQHVWUDWDUHVWLQJ
RQ2[IRUGLDQOLPHVWRQHV+HQFHWKH8SSHU5XSHOLDQ³0HHUHVVDQG´WUDQVJUHVVLRQLQYDGHG
DUHDVSUHYLRXVO\XQDIIHFWHGE\ULIWUHODWHGVXEVLGHQFH7KH³0HHUHVVDQG´FDOFDUHQLWHVZKLFK
JUDGHXSZDUGVLQWRPDULQHPDUOV³0HOHWWDEHGV´FRYHUHGWKHGRPDLQRIWKHDXWRFKWKRQRXV
DQGGHWDFKHG0HVR]RLFDVIDUVRXWKDVWKH'HOpPRQW%DVLQLQWKH)ROGHG-XUD)LJ7KH
VHLVPLFDOO\OHVVUHÀHFWLYHOD\HUVDERYHWKH³5´UHÀHFWRUDUHDWWULEXWHGWR8SSHUPRVW5XSHOLDQ
WR&KDWWLDQPDULQHWRÀXYLRODFXVWULQHVDQGVDQGPDUOVZKLFKUHSUHVHQWWKH\RXQJHVWV\QULIW
VHGLPHQWVSUHVHUYHGLQWKHDUHD7KHVHDUHFRYHUHGE\ZHDNO\UHÀHFWLYH/DWH3OLRFHQHÀXYLDO
JUDYHOVDQGVXERUGLQDWH4XDWHUQDU\/RHVV
7KHWKURZDORQJWKHZHVWZDUGGLSSLQJ)HUUHWWHJURZWKIDXOWDSSURDFKHVV7:7
FRUUHVSRQGLQJWRDOPRVWP7KHSUHVHQFHRIDQKDOIJUDEHQQRUPDOO\ LPSOLHVD OLVWULF
JHRPHWU\RIWKHFRQWUROOLQJIDXOW+RZHYHUHYLGHQFHIRUOLVWULFLW\RIWKH)HUUHWWHIDXOWFDQ
KDUGO\ EH GHWHFWHG RQ WKH VHLVPLF VHFWLRQ )LJ 7KLV VXJJHVWV D GHWDFKPHQW DW GHHSHU
OHYHOV LH ZLWKLQ WKH FU\VWDOOLQH EDVHPHQW FRQFHLYDEO\ DW LWV EULWWOHGXFWLOH WUDQVLWLRQ
FRPSDUH/DXEVFKHUDQG1RDFN6LPLODUKDOIJUDEHQVWUXFWXUHVERXQGHGWRWKHHDVWE\
ZHVWZDUGGLSSLQJQRUPDOIDXOWVKDYHEHHQGHVFULEHGLQWKHVRXWKHDVWHUQFRUQHURIWKH85*
VHHFURVVVHFWLRQVDQGLQ*UOHUHWDODQGZHUHVWXGLHGLQRXWFURSVRIWKH)ROGHG
-XUDVRXWKRI%DVHO/DXEVFKHU
7KHZHVWGLSSLQJ)HUUHWWHIDXOWZDVUHDFWLYDWHGXQGHUFRPSUHVVLRQRUWUDQVSUHVVLRQ
DVHYLGHQFHGE\WZRWRSWRWKH(UHYHUVHRIIVHWVRIWKH³5´UHÀHFWRUWRWKHZHVWRIERUHKROH
6XQG7KHYHUWLFDORIIVHW DFURVV WKHPRUHSURPLQHQWZHVWHUQ UHYHUVH IDXOW DPRXQWV WR
VRPHVLHP7KLVIDXOWUHDFWLYDWLRQSUHVXPDEO\RFFXUUHGGXULQJWKH$TXLWDQLDQ
/DXEVFKHU
:HOOORJLQWHUSUHWDWLRQ
)LJ  JLYHV VLPSOL¿HG VWUDWLJUDSKLF FROXPQV IRU WKUHH H[SORUDWLRQ ZHOOV ORFDWHG
ZLWKLQ WKH)HUUHWWHKDOIJUDEHQRQ WKH)HUUHWWHKRUVWDQGRQ WKHHDVWHUQÀDQNRI WKHKDOI
JUDEHQUHVSHFWLYHO\VHHDOVR)LJ)RUDOOWKUHHZHOOVWKHEDVHRI8SSHU5XSHOLDQVWUDWD
ZDV FKRVHQ DV D UHIHUHQFH KRUL]RQ ,Q WKH EDVLQDOZHOOV 6XQG DQG.QR WKH7HUWLDU\
V\QULIW VHGLPHQWDWLRQ VWDUWVZLWK8SSHU3ULDERQLDQ WR/RZHU5XSHOLDQPDUO\ ³+DXVWHLQ´

&KDSWHU
OLPHVWRQHV ZKHUHDV WKH )HUUHWWH EORFN ZHOO 6XQG ZDV RQO\ RYHUVWHSSHG GXULQJ WKH
8SSHU5XSHOLDQWUDQVJUHVVLRQ7KHWKLFNQHVVRIWKLV8SSHU5XSHOLDQWUDQVJUHVVLYHLQWHUYDOLV
LQWKHRUGHURIPLQDOOWKUHHZHOOV:KHUHDVVXEVLGHQFHRIWKH)HUUHWWHKDOIJUDEHQDURXQG
ZHOO6XQGLQ)LJZDVFOHDUO\FRQWUROOHGE\DFWLYLW\DORQJWKH)HUUHWWHIDXOW)LJV
ZKLFKEUHDNVWKURXJKWKH0HVR]RLFVHULHVWKHVLPXOWDQHRXVVXEVLGHQFHRIWKHGHSRFHQWHU
WRWKH1(RILWDURXQGZHOO.QRLQ)LJZDVFRQWUROOHGE\H[WHQVLRQDOÀH[XULQJDORQJ
(1(VWULNLQJEDVHPHQWIDXOWVWKDWSDUDOOHOWKH3HUPR&DUERQLIHURXVIDXOWV7KHVHGLPHQWDU\
UHFRUGRIWKHVHWKUHHH[SORUDWLRQZHOOVWKXVVKRZVWKDW8SSHU(RFHQHWR/RZHU2OLJRFHQH
JURZWK IDXOWLQJ DORQJ WKH5KHQLVK IDXOW VHW DQGÀH[XULQJ DORQJ WKH3HUPR&DUERQLIHURXV
IDXOWVHWRFFXUUHGVLPXOWDQHRXVO\,QRUGHU WRHOXFLGDWH WKHVWUHVV¿HOGUHVSRQVLEOHIRU WKLV
IDXOWLQWHUDFWLRQDNLQHPDWLFDQDO\VLVRIVXUIDFHIDXOWVZDVSHUIRUPHG
.LQHPDWLFVRIULIWLQJLQIHUUHGIURPIDXOWVOLSGDWD
)DXOWVOLSGDWDFROOHFWLRQ
7KHRULHQWDWLRQVRIIDXOWVDQGWKHLUVOLFNHQVLGHVZHUHPHDVXUHGDWQXPHURXVVLWHVLQ
WKHVWXG\DUHDLQRUGHUWRGHULYHWKHSDODHRVWUHVVD[HVRULHQWDWLRQV$JUHDWSDUWRIWKHGDWD
ZDVPHDVXUHGLQ-XUDVVLFOLPHVWRQHVVXFKDVWKRVHGHSLFWHGLQ)LJDQGWRDOHVVHUH[WHQW
LQ3DODHRJHQHV\QULIWVHGLPHQWVHJ)LJ)DXOWVOLSVHQVHVZHUHLQIHUUHGIURPYDULRXV
VKHDUVHQVHLQGLFDWRUVRQWKHIDXOWSODQHV+DQFRFN3HWLW7KHPRVWDEXQGDQW
LQGLFDWRUV ZHUH VOLFNROLWHV EHVW GHYHORSHG LQ PLFULWLF 8SSHU -XUDVVLF OLPHVWRQHV /HVV
IUHTXHQWO\ZH IRXQGVOLFNHQ¿EUHVPDLQO\ LQRROLWKLF OLPHVWRQHVRIERWK0LGDQG8SSHU
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)LJ &RUUHODWLRQ RI WKUHH H[SORUDWLRQZHOOVZLWK WKH EDVH RI8SSHU5XSHOLDQ VHGLPHQWV VKDGHG GDUN JUH\
DVDFRPPRQUHIHUHQFHKRUL]RQ6HHWH[WIRUGLVFXVVLRQ%RWWRPULJKWLQVHWEDVH0HVR]RLFVWUXFWXUHZLWKZHOO
ORFDWLRQV

6LPXOWDQHRXVQRUPDOIDXOWLQJDQGH[WHQVLRQDOÀH[XULQJ
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)LJ  D ,QWHUVHFWLQJ QRUPDO IDXOWV LQ
DQRXWFURSRI2[IRUGLDQOLPHVWRQHVDW WKH
HDVWHUQWHUPLQDWLRQRIWKH5pFKpV\ÀH[XUH
E ,QWHUSUHWHG OLQH GUDZLQJ RI D (
:VWULNLQJ IDXOW SODQHV GDUNHU VKDGLQJ
LQWHUVHFWZLWK16WUHQGLQJ IDXOWV OLJKWHU
VKDGLQJ %RWK VHWV RI QRUPDO IDXOWV DUH
RIIVHWDORQJDVXEKRUL]RQWDOEHGGLQJSODQH
ZKLWH ZLWK VWULDWLRQV GHYHORSHG GXULQJ
/DWH1HRJHQHVKRUWHQLQJRIWKHÀH[XUHF
,OOXVWUDWLRQ RI WZR LQWHUVHFWLQJ PXWXDOO\
RUWKRJRQDOIDXOWVHWVUHVXOWLQJLQH[WHQVLRQ
LQWR WZR SHUSHQGLFXODU GLUHFWLRQV $
PDUNHU EHG LV VKRZQ LQ ZKLWH G )DXOW
SODQHVIURPDVKRZQLQWKHVWHUHRJUDSKLF
SURMHFWLRQHTXDODUHDORZHUKHPLVSKHUH
6PDOO DUURZV LQGLFDWH PRYHPHQW RI WKH
KDQJLQJZDOOEORFN/DUJHDUURZVLQGLFDWH
LQIHUUHGH[WHQVLRQGLUHFWLRQV
)LJ  D 6PDOOVFDOH FRQMXJDWH QRUPDO
IDXOWV LQ &KDWWLDQ VDQGV E 'HWDLO IURP
D ZLWK GLVSODFHG PDUNHUV F JUHDWFLUFOH
UHSUHVHQWDWLRQ RI IDXOW SODQHV DQG GHULYHG
SULQFLSDOVWUHVVD[HV7KHRULHQWDWLRQRIVDQG
VDUHIRXQGE\ELVHFWLQJWKHREWXVHDQGDFXWH
DQJOHVEHWZHHQWKHSROHVWRWKHPHDQRI:DQG
(GLSSLQJ IDXOW SODQHV UHVSHFWLYHO\ ³ELVHFWRU
PHWKRG´

&KDSWHU
-XUDVVLF DJH &UHVFHQWLF RU OXQDWH
IUDFWXUHV WHQVLOH FUDFNV DQGRU 5LHGHO
VKHDUSODQHVZHUH UHVWULFWHG WRPDVVLYH
FRUDOOLIHURXV2[IRUGLDQ OLPHVWRQHV DQG
RUWRFDWDFODVLWHVQHDUWRRUGLUHFWO\ZLWKLQ
IDXOW ]RQHV ,Q WKH FDVH RI XQVWULDWHG
IDXOW SODQHV HVSHFLDOO\ LQ 3DODHRJHQH
V\QULIW VHGLPHQWV WKH VKHDU VHQVHZDV
LQIHUUHG IURP FRQMXJDWH IDXOW JHRPHWU\
RU IURP GLVSODFHGPDUNHUV 7KH TXDOLW\
RI VOLS VHQVH LQGLFDWRUV ZDV FODVVL¿HG
DVH[FHOOHQWJRRGRUSRRU LQRUGHU WRDOORZIRUZHLJKWLQJGXULQJVXEVHTXHQWSDODHRVWUHVV
D[HV FDOFXODWLRQV$GGLWLRQDOO\ WKH ³LPSRUWDQFH´ RI IDXOWVZDV HVWLPDWHG LQ D TXDOLWDWLYH
PDQQHUEDVHGRQWKHGLPHQVLRQVRIWKHH[SRVHGSDUWRIWKHIDXOWSODQHWKHDPRXQWRI
GLVSODFHPHQWLIGHWHFWDEOHDQGWKHSUHVHQFHRUDEVHQFHRIFDWDFODVLWHRUIDXOWJRXJH
2YHUSULQWLQJ UHODWLRQVKLSV VXSHULPSRVHG VOLFNHQVLGHV FURVVFXWWLQJ IDXOWV )LJ
DOORZHG WKHHVWDEOLVKPHQWRID UHODWLYHFKURQRORJ\RI IDXOWLQJ7KLV LQ WXUQSHUPLWWHG
DVHSDUDWLRQRIKHWHURJHQHRXVIDXOWSRSXODWLRQVLQWRKRPRJHQHRXVVXEVHWV WKDWUHÀHFWRQH
SDUWLFXODU GHIRUPDWLRQ SKDVH RQO\ :KHUH ¿HOG HYLGHQFH DQG UHJLRQDO JHRORJLF FRQWH[W
LQGLFDWHG WKDW WLOWLQJ KDG RFFXUUHG GXH WR SRVW3DODHRJHQH IROGLQJ WKH IDXOWVOLS VHWV
ZHUH URWDWHG LQWRDSRVLWLRQZKHUHEHGGLQJZDVKRUL]RQWDOEHIRUHSHUIRUPLQJVWUHVVD[HV
FDOFXODWLRQV)LJ,QWKLVVWXG\ZHIRFXVRQWKHIDXOWNLQHPDWLFVRIULIWUHODWHGH[WHQVLRQ
RIWKH85*RQO\&RUUHVSRQGLQJO\WKHIDXOWVHWVGHVFULEHGLQWKHIROORZLQJVHFWLRQUHSUHVHQW
DOUHDG\VHSDUDWHGKRPRJHQHRXVVXEVHWV
$QDO\VLVRIIDXOWVOLSGDWD
 ORFDWLRQV LQ WKH VWXG\ DUHD \LHOGHG D VXI¿FLHQW QXPEHU RI IDXOWV SHU VLWH  RU
PRUHWRGHULYHSDODHRVWUHVVD[HVRULHQWDWLRQVRIWKHPHDVXUHGIDXOWVWULDWLRQVUHYHDO
SLWFKDQJOHVLHWKHDQJOHEHWZHHQWKHOLQHDWLRQDQGWKHKRUL]RQWDOPHDVXUHGLQWKHLQFOLQHG
IDXOW SODQH RI  RUPRUH )LJ  +HQFH WKHPDMRULW\ RI WKH IDXOWV DUH FODVVL¿HG DV
QHDUO\LGHDOGLSVOLSQRUPDOIDXOWVZKHUHDVVWULNHVOLSIDXOWVDUHDEVHQW7KHRULHQWDWLRQVRI
WKHPD[LPXPLQWHUPHGLDWHDQGPLQLPXPSULQFLSDOVWUHVVD[HVııDQGıKDYHEHHQ
GHWHUPLQHGE\DYDULHW\RIPHWKRGV,QWKHFDVHRIIDXOWVODFNLQJVWULDWLRQVEXWH[KLELWLQJ
D FRQMXJDWH JHRPHWU\ DQG GLVSODFHGPDUNHUV WKH SULQFLSDO VWUHVV D[HV RULHQWDWLRQV ZHUH
GHULYHGDVIROORZV7KHFRQMXJDWHIDXOWSODQHVZHUHSORWWHGDVSROHV)DXOWSODQHVGLSSLQJLQ
RSSRVLWHGLUHFWLRQVZHUHVHSDUDWHGLQWRWZRVXEVHWVDQGWKHPHDQYHFWRUVZHUHGHWHUPLQHG
IRUHDFKVXEVHW$JUHDWFLUFOH WKURXJK WKHPHDQYHFWRUVZDVFRQVWUXFWHG7KHREWXVHDQG
DFXWHELVHFWRUVRQWKHJUHDWFLUFOHEHWZHHQWKHWZRPHDQYHFWRUVGH¿QHGWKHRULHQWDWLRQVRI
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GLUHFWLRQVSHUPLWWLQJQRUPDOIDXOWLQJSDUDOOHOWRWZRGLUHFWLRQVDWKLJKDQJOHVWRHDFKRWKHU
7ZRVWUXFWXUDOGRPDLQVRXWOLQHGLQWKHYLFLQLW\RIWKHURXJKO\(:WUHQGLQJÀH[XUHV
GHOLPLWLQJWKH85*WRWKHVRXWKGDVKHGER[HVLQ)LJDUHRISDUWLFXODULQWHUHVW'RPDLQ
$ HQFRPSDVVHV WKH WZR HQpFKHORQ DOLJQHG )ORULPRQW DQG5pFKpV\ ÀH[XUHV )LJ  WKDW
UHPDLQHGODUJHO\XQDIIHFWHGE\FRPSUHVVLRQDSDUWIURPVOLJKW16VKRUWHQLQJLQSRVW/DWH
3OLRFHQH WLPHV *LDPERQL HW DO  'RPDLQ % FRYHUV WKH HDVWHUQ SDUW RI WKH IURQWDO
)HUUHWWH IROG ZKLFK IRUPHG GXULQJ8SSHU0LRFHQH WR /RZHU 3OLRFHQH WKLQVNLQQHG -XUD
IROGLQJ DQGZKHUH1HRJHQH VKRUWHQLQJ LVPRGHUDWH )LVFKHU D )LVFKHU E7KH
3DQG7D[HVIURPWKHDQGIDXOWVOLSVHWVFROOHFWHGLQGRPDLQV$DQG%UHVSHFWLYHO\DUH
VKRZQLQ)LJ3D[HVFOXVWHULQDYHUWLFDORULHQWDWLRQZKHUHDV7D[HVDUHVXEKRUL]RQWDO
DQGUDGLDOO\GLVWULEXWHG7KLVLVW\SLFDORIUDGLDOH[WHQVLRQ
,Q VXPPDU\ WKH DQDO\VLV RI IDXOW VHWV LQGLFDWHV WKDW DZD\ IURP WKH ÀH[XUHV
IRUPLQJ WKHERXQGDU\EHWZHHQ WKH H[SRVHG0HVR]RLF VHGLPHQWV DQG WKH85*H[WHQVLRQ
ZDV SUHGRPLQDQWO\ SHUSHQGLFXODU WR WKH JUDEHQ$ORQJ WKH VRXWKHUQ ERUGHU RI WKH85*
KRZHYHUWKHUHLVJRRGHYLGHQFHIRUUDGLDOH[WHQVLRQZLWKDSUHIHUHQFHIRUH[WHQVLRQDORQJ
WKH SUHH[LVWLQJ VXESHUSHQGLFXODU 5KHQLVK DQG 3HUPR&DUERQLIHURXV IDXOW VHWV )LJ 

6LPXOWDQHRXVQRUPDOIDXOWLQJDQGH[WHQVLRQDOÀH[XULQJ
7KLV VXJJHVWV WKDW WRZDUGV WKH VRXWKHUQPDUJLQ RI WKH85* WKH VWUHVV ¿HOG FKDQJHG GXH
WRLQWHUIHUHQFHEHWZHHQWKHVHWZRIDXOWVHWV7KLVFRQ¿UPVSUHYLRXVO\UHDFKHGFRQFOXVLRQV
EDVHGRQVXEVXUIDFHGDWD
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3
)LJ  ([WHQVLRQ GLUHFWLRQV GLYHUJLQJ DUURZV GXULQJ (R2OLJRFHQH ULIWLQJ LQ WKH VRXWKHUQPRVW 85* DQG
DGMDFHQW-XUD0RXQWDLQV5DQJHRI WKH¿JXUHDQGSDWWHUQVDUH LGHQWLFDO WR)LJ1XPEHUVQH[W WRHDFKDUURZ
V\PEROFRUUHVSRQGWRWKHQXPEHULQJRIWKHGDWDVHWVLQ7DEOH8SSHUOHIWLQVHWIUHTXHQF\GLVWULEXWLRQRIH[WHQVLRQ
GLUHFWLRQVREWDLQHGDWORFDWLRQVORFDWLRQVIURPWKLVVWXG\DQGORFDWLRQVIURP/DUURTXHDQG/DXUHQW
,QWHUYDOZLGWKLV,QVHWRQULJKWGLVWULEXWLRQRIVDQGVD[HVIRUWKHVLWHVFROOHFWHGLQWKLVVWXG\WRS
FRQWRXUHGVPLGGOHDQGVD[HVERWWRP
)LJ&RQWRXUHG3DQG7D[HVIRUIDXOWVIURPGRPDLQV$DQG%VHH)LJIRUORFDWLRQ

&KDSWHU
'LVFXVVLRQDQG,QWHUSUHWDWLRQ
7KHUHÀHFWLRQVHLVPLFDQGZHOOGDWDSUHVHQWHGDERYHFRPSLOHGLQWRDEDVH0HVR]RLF
VWUXFWXUHPDSVKRZWKHLQWHUIHUHQFHRI5KHQLVKDQG3HUPR&DUERQLIHURXVIDXOWVHWVDWWKH
VRXWKHUQHQGRIWKH85*+DOIJUDEHQVWUXFWXUHVDQGJURZWKIDXOWVGHYHORSHGDERYH5KHQLVK
IDXOWVZKHUHDV WKHH[WHQVLRQDOÀH[XUHVZHUHDVVRFLDWHGZLWK3HUPR&DUERQLIHURXV IDXOWV
7KH WKURZRQERWK5KHQLVKDQG3HUPR&DUERQLIHURXV IDXOWVZDVFXPXODWLYHDQG UHDFKHG
YDOXHVRIFORVHWRPH[DFWO\DWWKHLQWHUVHFWLRQRIWKHWZRIDXOWWUHQGV$QLQYHVWLJDWLRQ
RIWKHVWUDWLJUDSKLFUHFRUGRIZHOOVFRPELQHGZLWKELRVWUDWLJUDSKLFGDWDIURPFRQJORPHUDWHV
DVVRFLDWHGZLWKWKHIDXOWVDQGÀH[XUHVVKRZVWKDWJURZWKIDXOWLQJDORQJ5KHQLVKQRUPDOIDXOWV
DQGH[WHQVLRQDOÀH[XULQJDERYH3HUPR&DUERQLIHURXVEDVHPHQWIDXOWVZHUHVLPXOWDQHRXV
VWDUWLQJLQWKH8SSHU3ULDERQLDQDQGODVWLQJXQWLOWKH/RZHU5XSHOLDQ$Q8SSHU5XSHOLDQ
WUDQVJUHVVLRQRYHUVWHSSHGWKHERUGHUVRIERWKWKHH[WHQVLRQDOÀH[XUHVDQGWKHKDOIJUDEHQV
7KHNLQHPDWLFDQDO\VLVRIRXWFURSVFDOHIDXOWVLQ0HVR]RLFSUHULIWDQG3DODHRJHQH
V\QULIWVHGLPHQWVGLVFXVVHGLQWKHSUHYLRXVFKDSWHUUHYHDOVDSUHGRPLQDQFHRI:1:(6(
RULHQWHGH[WHQVLRQDSSUR[LPDWHO\SHUSHQGLFXODUWRWKHWUHQGRIWKHVRXWKHUQ85*([WHQVLRQ
DIIHFWHG VHGLPHQWV DV \RXQJ DV&KDWWLDQ DQG LV FRQVHTXHQWO\ DWWULEXWHG WR(R2OLJRFHQH
85*ULIWLQJ7KLV:1:(6(RULHQWHGH[WHQVLRQLVFRPSDWLEOHZLWKUHVXOWVREWDLQHGIURP
RWKHUSDUWVRIWKH85*WKH7DEXODU-XUD/DUURTXHDQG/DXUHQWWKH5%7=%HUJHUDW
9LOOHPLQDQG%HUJHUDW/DFRPEHHWDODVZHOODVRQDODUJHUVFDOHIURP
WKH (XURSHDQ 3ODWIRUP %HUJHUDW  &RQVHTXHQWO\ WKH GHULYHG :1:(6(GLUHFWHG
H[WHQVLRQLVFRQVLGHUHGDUHJLRQDOWUHQG+RZHYHUZHREVHUYHWKDWWKLV:1:(6(RULHQWHG
UHJLRQDO H[WHQVLRQ LV VXSHULPSRVHG ZLWK VLPXOWDQHRXV 16RULHQWHG H[WHQVLRQ DORQJ WKH
VRXWKHUQHQGRI WKH85*ZKLFK OHDGV WR UDGLDOH[WHQVLRQ7KLV UDGLDOH[WHQVLRQ LV IRXQG
SUHGRPLQDQWO\LQWKHYLFLQLW\RIWKHH[WHQVLRQDOÀH[XUHVGHOLPLWLQJWKH85*WRWKHVRXWKDQG
LQDUHDVZKHUH5KHQLVKDQG3HUPR&DUERQLIHURXVRUVXERUGLQDWHO\5KHQLVKDQG+HUF\QLF
IDXOWVHWVRYHUODS,QWKHVHFDVHVWKHGHWHUPLQDWLRQRIDXQLTXHH[WHQVLRQGLUHFWLRQEHFRPHV
PHDQLQJOHVVDVVLPXOWDQHRXVH[WHQVLRQRFFXUUHGLQVWURQJO\YDU\LQJGLUHFWLRQV7KHUDGLDO
H[WHQVLRQLVLOOXVWUDWHGE\WKHGLVWULEXWLRQRI3DQG7D[HVDQGWKH5YDOXHVRIWKHUHGXFHG
VWUHVVWHQVRUV
,QWKHYLFLQLW\RIWKHÀH[XUHVDWWKHVRXWKHUQHQGRIWKH85*H[WHQVLRQGLUHFWLRQV
GHYLDWLQJIURPWKHUHJLRQDO:1:RULHQWDWLRQDUHDWKLJKDQJOHVRUHYHQSHUSHQGLFXODU WR
WKH VWULNH RI WKH ÀH[XUHV7KHVH GHYLDWLQJ H[WHQVLRQ GLUHFWLRQV DUHPRVW SUREDEO\ GXH WR
VWUHWFKLQJRIWKHOLPHVWRQHGRPLQDWHGVHGLPHQWVLQWKHRXWHUDUFRIWKHÀH[XUHG0HVR]RLF
FRYHU 6XFK DUFLQJ RU ÀH[XULQJ RI WKH VHGLPHQWV DERYH WKH VWHHSO\ GLSSLQJ WRSWRWKH1
EDVHPHQWIDXOWZDVIDFLOLWDWHGE\GHFRXSOLQJDORQJPHFKDQLFDOO\ZHDNOD\HUVVXFKDVWKHXS
WRPWKLFNKDOLWHDQGDQK\GULWHLQWHUFDODWLRQVLQWKH0LGDQG8SSHU7ULDVVLFSHQHWUDWHG
E\ZHOO%XL[)LJ$GGLWLRQDOO\WKHORFDOVWUHVV¿HOGZDVLQÀXHQFHGE\WKHLQWHUDFWLRQ
RI5KHQLVKDQG3HUPR&DUERQLIHURXVIDXOWVDQGVXERUGLQDWHO\DOVRE\LQWHUIHUHQFHEHWZHHQ

6LPXOWDQHRXVQRUPDOIDXOWLQJDQGH[WHQVLRQDOÀH[XULQJ
5KHQLVKDQG+HUF\QLFIDXOWVHWVUHVXOWLQJLQUDGLDOH[WHQVLRQ,QVXPPDU\ZHSURSRVHWKDW
WKHRULHQWDWLRQRISUHH[LVWLQJVWUXFWXUHVDQGWKHLQWHUDFWLRQEHWZHHQWKHGLIIHUHQWIDXOWVHWV
FDXVHGWKHREVHUYHGVWUHVV¿HOGFKDQJHVDORQJWKHVRXWKHUQERUGHURIWKH85*
7KH 3HUPR&DUERQLIHURXV IDXOWV WUHQG DW DQJOHV EHWZHHQ £ WR WKH LQIHUUHG
H[WHQVLRQ GLUHFWLRQ :1:(6( GHULYHG DW ORFDOLWLHV DZD\ IURP WKH ÀH[XUHV &RPELQHG
ZLWK WKH REVHUYHG HQpFKHORQ DOLJQPHQW RI WKH )ORULPRQW DQG 5pFKpV\ ÀH[XUHV WKLV
VXJJHVWVWKDWWKHUHDFWLYDWHGXQGHUO\LQJ(1(RULHQWHG3HUPR&DUERQLIHURXVEDVHPHQWIDXOW
DOVR DFFRPPRGDWHG D VLQLVWUDOZUHQFK FRPSRQHQW LQ DGGLWLRQ WR WKH WRSWRWKH1 QRUPDO
FRPSRQHQW7KHVLPXOWDQHRXVDFWLYLW\DORQJJURZWK IDXOWVDQGH[WHQVLRQDOÀH[XUHVPLJKW
WKXV UHÀHFW WKH WUDQVLWLRQ IURPULIWSHUSHQGLFXODUH[WHQVLRQSUHYDLOLQJ IXUWKHUQRUWK LQ WKH
85* WR VLQLVWUDO WUDQVWHQVLYH PRYHPHQWV LQ WKH 5%7= /DXEVFKHU  %HUJHUDW DQG
&KRURZLF],OOLHV/DFRPEHHWDO
+RZHYHULWUHPDLQVXQFHUWDLQZKHUHH[DFWO\DQGKRZWKHVLQLVWUDOZUHQFKPRYHPHQWV
LQIHUUHGIRU3HUPR&DUERQLIHURXVIDXOWVDFFRXQWLQJIRUVRPHNPRIH[WHQVLRQDFURVVWKH
85*/DFRPEHHWDOZDVWUDQVPLWWHGWRWKHEULWWOHVHGLPHQWDU\FRYHURIWKH5%7=
6WULNHVOLS IDXOWV RU IDXOWVZLWKDSURQRXQFHGREOLTXHVOLSFRPSRQHQW DUHFRQVSLFXRXVO\
DEVHQW LQ WKH VHGLPHQWDU\ FRYHU RI WKH LQYHVWLJDWHG DUHD )LJ  DQG DSSDUHQWO\ DOVR
HOVHZKHUHLQWKHUHJLRQ/DUURTXHDQG/DXUHQW/DFRPEHHWDO2QHH[SODQDWLRQ
IRUWKHDEVHQFHRIVWULNHVOLSIDXOWVLQWKHFRYHULVWKDWWKHVWULNHVOLSFRPSRQHQWDORQJWKH
(1(WUHQGLQJ EDVHPHQW IDXOWV ZDV SDUWLWLRQHG EHWZHHQ EDVHPHQW DQG VHGLPHQWDU\ FRYHU
DORQJ D0LG DQGRU 8SSHU 7ULDVVLF GHWDFKPHQW VXFK DV LQIHUUHG IRU WKH )ORULPRQW DQG
5pFKpV\ÀH[XUHVDQGOHGWRHQpFKHORQH[WHQVLRQLQWKHFRYHU,QDGGLWLRQWKHWRWDODPRXQW
RI VLQLVWUDO VWULNHVOLS PRWLRQ PLJKW KDYH EHHQ GLVVLSDWHG E\ ÀH[XULQJ RI WKH GHWDFKHG
0HVR]RLFFRYHUDFURVVVHYHUDOSUHH[LVWLQJ3HUPR&DUERQLIHURXVIDXOWV
7KHJHRPHWULFUHODWLRQVKLSEHWZHHQH[WHQVLRQDOJURZWKIDXOWLQJÀH[XULQJDQGV\Q
ULIWVHGLPHQWDWLRQDWWKHHQGRIWKH/RZHU5XSHOLDQLVVXPPDULVHGLQDEORFNGLDJUDPJLYHQ
LQ)LJ7KLVEORFNGLDJUDPFRYHUVSDUWRIWKHDUHDIRUZKLFKWKHEDVH0HVR]RLFVWUXFWXUH
PDSRI)LJ ZDV FRQVWUXFWHG7KH11(WUHQGLQJ)HUUHWWH IDXOW ERXQGV WKH HDVWGLSSLQJ
)HUUHWWH KDOIJUDEHQ$ VPDOOHU QRUPDO IDXOW DQWLWKHWLF ZLWK UHVSHFW WR WKH )HUUHWWH IDXOW
ERXQGVWKHKDOIJUDEHQLQWKHZHVW7KHKDOIJUDEHQJHRPHWU\LPSOLHVDOLVWULFFRQ¿JXUDWLRQ
RIWKH)HUUHWWHIDXOWZLWKDGHWDFKPHQWOHYHOSUHVXPDEO\URRWHGDWWKHFUXVWDOEULWWOHGXFWLOH
WUDQVLWLRQ (QpFKHORQ DOLJQHG ÀH[XUHV DUH GHYHORSHG DERYH DQ (1(RULHQWHG KLJKDQJOH
EDVHPHQWIDXOWZKLFKUHYHDOVVLQLVWUDOVWULNHVOLSNLQHPDWLFVZLWKDSURQRXQFHGREOLTXHVOLS
FRPSRQHQW'HFRXSOLQJDFURVV0LGGOH7ULDVVLFHYDSRULWHVDOORZHGH[WHQVLRQDOÀH[XULQJRI
WKH RYHUO\LQJ0HVR]RLF VWUDWD ([WHQVLRQDO JURZWK IDXOWLQJ DQG ÀH[XULQJ RFFXUUHG XQGHU
UHJLRQDO:1:(6(H[WHQVLRQ+RZHYHU H[WHQVLRQDO ÀH[XULQJ DERYH UHDFWLYDWHG 3HUPR
&DUERQLIHURXV EDVHPHQW IDXOWV LQGXFHG ORFDO 16RULHQWHG H[WHQVLRQ 7KLV OHG WR D ORFDO
VXSHUSRVLWLRQ RI ERWK H[WHQVLRQDO GLUHFWLRQV 6LPXOWDQHRXV IDXOWLQJ DQG ÀH[XULQJ FUHDWHG
DFFRPPRGDWLRQ VSDFH DQG UHOLHI WKDW DOORZHG WKH DFFXPXODWLRQ RI RQODSSLQJ V\QULIW

&KDSWHU
ODFXVWULQHWREUDFNLVKPDUOVDQGWKHGHYHORSPHQWRIGHEULVIDQVLQWKHLPPHGLDWHYLFLQLW\RI
QRUPDOIDXOWVDQGÀH[XUHV
&RQFOXVLRQV
$WWKHVRXWKHUQHQGRIWKH85*WKH11(WUHQGLQJH[WHQVLRQDOIDXOWV\VWHPLQWHUIHUHV
ZLWKWKH(1(WUHQGLQJV\VWHPRIWKH5%7=5LIWLQJLQLWLDWHGLQ8SSHU3ULDERQLDQWLPHVXQGHU
UHJLRQDO:1:(6(H[WHQVLRQURXJKO\SHUSHQGLFXODUWRWKHJUDEHQD[LV:LWKLQWKH85*
11(VWULNLQJKDOIJUDEHQVZLWKKDQJLQJZDOOJURZWKIDXOWVIRUPHG6LPXOWDQHRXVO\(1(
WUHQGLQJ H[WHQVLRQDO ÀH[XUHV HYROYHG DERYH UHDFWLYDWHG 3HUPR&DUERQLIHURXV EDVHPHQW
IDXOWVWKDWFRQWUROOHGWKHWUDQVLWLRQIURPWKH85*WRWKH5%7=7KHHQpFKHORQDOLJQPHQW
RIWKHVHÀH[XUHVVXJJHVWVWKDWWKHXQGHUO\LQJ(1(RULHQWHGEDVHPHQWIDXOWVDFFRPPRGDWHG
VLQLVWUDOZUHQFKPRYHPHQWVLQDGGLWLRQWRWKHWKURZ
7KHLQWHUIHUHQFHRIH[WHQVLRQDOÀH[XULQJDQGJURZWKIDXOWLQJUHVXOWHGLQFXPXODWHG
WKURZVDORQJ11(WUHQGLQJKDOIJUDEHQERXQGLQJQRUPDOIDXOWVGXULQJWKH8SSHU3ULDERQLDQ
WR/RZHU5XSHOLDQ$Q8SSHU5XSHOLDQWUDQVJUHVVLRQRYHUVWHSSHGDUHDVSUHYLRXVO\XQDIIHFWHG
E\ULIWLQJLQFOXGLQJWKHQRUWKHUQPRVW-XUDDVIDUVRXWKDVWKH'HOpPRQW%DVLQ





)LJ%ORFNGLDJUDPLOOXVWUDWLQJWKHVLPXOWDQHRXVGHYHORSPHQWRIKDOIJUDEHQVDQGH[WHQVLRQDOÀH[XUHVXQGHU
UHJLRQDO:1:RULHQWHG H[WHQVLRQ GXULQJ WKH 8SSHU 3ULDERQLDQ WR /RZHU 5XSHOLDQ$SSUR[LPDWHO\ WLPHV
YHUWLFDO H[DJJHUDWLRQ)RUGLVFXVVLRQ VHH WH[W7KH ,OOIXUWK IDXOWKDVEHHQRPLWWHG3RVLWLRQVRI VHLVPLFFURVV
VHFWLRQV)LJVDQGDQGRI)LJDUHLQGLFDWHG%RWWRPLQVHWVKRZVH[WHQWRIEORFNPRGHORQPDSLQ)LJXUH
GDVKHGUHFWDQJOH

6LPXOWDQHRXVQRUPDOIDXOWLQJDQGH[WHQVLRQDOÀH[XULQJ
7R WKH QRUWK RI WKH 5%7= UHJLRQDO:1:(6(H[WHQVLRQ LV ZHOO GH¿QHG DORQJ
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0LRFHQHWR(DUO\3OLRFHQHWKLQVNLQQHG-XUDIROGDQGWKUXVWEHOWDQGSURYLGHVHYLGHQFHWKDWD
WUDQVLWLRQWRWKLFNVNLQQHGWHFWRQLFVGLGRFFXULQWKLVSDUWLFXODUDUHDGXULQJWKH/DWH3OLRFHQH
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DORQJVWULNH DV\PPHWULHV WKDW ZHUH SUHGHWHUPLQHG E\ D IDXOW SDWWHUQ LQKHULWHG IURP
3DOHRJHQH8SSHU5KLQH*UDEHQULIWLQJ7KLV IDXOWSDWWHUQKDGGLVUXSWHG WKH7ULDVVLFEDVDO
GpFROOHPHQWRIWKH-XUD0RXQWDLQVDQGFRQWUROOHGWKHQXFOHDWLRQRIWKUXVWVDQGIROGVDVZHOO
DVWUDQVIHU]RQHVGXULQJWKHJHQHUDOO\11:GLUHFWHGWUDQVSRUWRIWKHGHWDFKHGVHGLPHQWDU\
FRYHU 6LQLVWUDO WUDQVSUHVVLYH REOLTXH UDPSV QXFOHDWHG DORQJ 3DOHRJHQH 11(WUHQGLQJ
EDVHPHQW QRUPDO IDXOWV DQG OHG WR D QRUWKZDUG SURWUXVLRQ RI WKH -XUD IURQW HQFURDFKLQJ
RQWRWKHVRXWKHUQPRVW8SSHU5KLQH*UDEHQ6KRUWHQLQJDPRXQWDFURVVWKHIURQWDODQWLFOLQHV
LV JUHDWHVW DORQJ WKHREOLTXH UDPSV DQGGHFUHDVHV DORQJVWULNH WRZDUGV( QHFHVVLWDWLQJ D
JHQWOHFORFNZLVHURWDWLRQRIWKHGHWDFKHGVHGLPHQWV'HVSLWHWKHIDFWWKDWWKHVWUHVV¿HOGLQ
WKH VHGLPHQWDU\FRYHU UHPDLQHGXQFKDQJHG WKLQVNLQQHG IROGLQJDQG WKUXVWLQJFDPH WRD
KDOW LQ WKH/DWH3OLRFHQHJLYLQJZD\ WR WKLFNVNLQQHG WHFWRQLFVYHU\SUREDEO\JRYHUQLQJ
QHRWHFWRQLFDFWLYLW\LQWKHDUHD7KLVWUDQVLWLRQPLJKWUHSUHVHQWDJHRG\QDPLFUHRUJDQL]DWLRQ
RIWKHQRUWKZHVWHUQ$OSLQHIRUHODQG
.H\ZRUGV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5KLQH*UDEHQQHRWHFWRQLFV
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7KHSUHVHQWGD\DUFKLWHFWXUHRIWKHQRUWKZHVWHUQ$OSLQHIRUHODQGLVODUJHO\WKHUHVXOW
RIDQ LQWHUSOD\EHWZHHQH[WHQVLRQDODQGFRPSUHVVLRQDO WHFWRQLFV WKDW WRRNSODFHVLQFH WKH
HDUO\&HQR]RLF>'q]HVHWDO@5HVXOWLQJLQWHUIHUHQFHVDUHSDUWLFXODUO\FRPSOH[LQWKH
QRUWKHUQ-XUDIROGDQGWKUXVWEHOW³GHWDFKHG0HVR]RLF´RI)LJZKHUHWKHVRXWKHUQ8SSHU
5KLQH*UDEHQ 85* IRUPHGGXULQJ(R WR2OLJRFHQHH[WHQVLRQDEXWV WKHQRUWKHUQPRVW
)ROGHG-XUDIRUPHGLQUHVSRQVHWRFROOLVLRQLQWKH$OSVGXULQJ/DWH0LRFHQHWR(DUO\3OLRFHQH
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E\GLIIHUHQWO\RULHQWHGEDVHPHQWURRWHGH[WHQVLRQDOIDXOWVLQKHULWHGIURP3DOHRJHQHULIWLQJ
7KH\QRWRQO\GLVVHFWHGWKHGpFROOHPHQWKRUL]RQWREHFRPHDFWLYHODWHUGXULQJWKLQVNLQQHG
-XUD WHFWRQLFV >/DXEVFKHU  @ EXW DOVR ZHUH RIWHQ UHDFWLYDWHG LQ FRPSUHVVLRQ
DQGRU WUDQVWHQVLRQ EHIRUH GXULQJ DQG DIWHU WKH /DWH0LRFHQH GpFROOHPHQW RI WKH FRYHU
VHULHV >*LDPERQL HW DO 8VWDV]HZVNL HW DO E@ 7KLV VWXG\ FRQWULEXWHV WR WKH
XQGHUVWDQGLQJRIWKHFRQWURORIVXFKSUHH[LVWLQJIDXOWVDQGWKHLUUHDFWLYDWLRQE\SUHVHQWLQJ
DGHWDLOHGFDVHVWXG\IURPWKHQRUWKHUQPRVWSDUWRIWKH)ROGHG-XUD0RXQWDLQV(PSKDVLV
LVJLYHQWRWKHNLQHPDWLFVRISUHH[LVWLQJIDXOWVLQERWKEDVHPHQWDQGVHGLPHQWDU\FRYHUE\
LQWHJUDWLQJWKHIROORZLQJGDWDVHWVQHZ¿HOGREVHUYDWLRQVDQGSDOHRVWUHVVDQDO\VHV
QHZFRPSLODWLRQVRIVXEVXUIDFHPDSVEDVHGRQH[LVWLQJLQGXVWU\VHLVPLFUHÀHFWLRQOLQHV
SXEOLVKHGJHRORJLFDOPDSVDQGQHZO\FRQVWUXFWHGFURVVVHFWLRQV$IWHUDQLQWURGXFWLRQWR
WKHJHRORJLFDOVHWWLQJRXWFURSVFDOHHYLGHQFHIRUIDXOWUHDFWLYDWLRQGXULQJWKLQVNLQQHG-XUD
IROGLQJ DQG DSSURSULDWH FURVVFXWWLQJ UHODWLRQVKLSV DUHSUHVHQWHG3DOHRVWUHVVRULHQWDWLRQV
GHULYHGIURPWKHFROOHFWHGIDXOWVOLSGDWDLQFOXGLQJWLPLQJFRQVWUDLQWVIRUWKHVHGHIRUPDWLRQV
DUH SURYLGHG QH[W %DVHG RQ JHRORJLFDO FURVVVHFWLRQV DQG JHRPHWULF FRQVLGHUDWLRQV D
NLQHPDWLFPRGHOIRUWKHIRUPDWLRQRIWKHQRUWKHUQ-XUDIROGVLVSURSRVHGKLJKOLJKWLQJWKH
LQÀXHQFHRI LQKHULWHGIDXOWV(YHQWXDOO\SRVVLEOHUHDVRQVIRU WKHFHVVDWLRQRIGpFROOHPHQW
WHFWRQLFVGXULQJWKH/DWH3OLRFHQHDQGWKHVXEVHTXHQWWUDQVLWLRQWRWKLFNVNLQQHGWHFWRQLFV
YHU\SUREDEO\JRYHUQLQJQHRWHFWRQLFDFWLYLW\LQWKHDUHD>*LDPERQLHWDO8VWDV]HZVNL
HWDOE@DUHGLVFXVVHG
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7KHDUFVKDSHGQRUWKZHVWYHUJLQJIROGDQGWKUXVWEHOWRIWKH-XUD0RXQWDLQVIRUPV
WKHPRVWH[WHUQDOSDUWRIWKH&HQWUDODQG:HVWHUQ$OSLQHRURJHQLQVHWLQ)LJ%UDQFKLQJ
RIIIURPWKH:HVWHUQ$OSVQHDU&KDPEpU\LWH[WHQGVDORQJVWULNHRYHUDGLVWDQFHRIVRPH
NPWRWKHQRUWKZHVWRI=ULFK>3KLOLSSHHWDO$IIROWHUDQG*UDWLHU@,WLV
VHSDUDWHGIURPWKH&HQWUDO$OSVE\WKH0RODVVH%DVLQDÀH[XUDOIRUHODQGEDVLQWKDWGHYHORSHG
LQUHVSRQVHWRWKHORDGRIWKH1:ZDUGDGYDQFLQJ$OSLQHRURJHQGXULQJWKH2OLJRFHQHWR
0LRFHQH,QWKH:DQG1WKH-XUD0RXQWDLQVHQFURDFKRQWRWKH1WR11(WUHQGLQJ%UHVVH
*UDEHQ DQG8SSHU5KLQH*UDEHQ 85*ZKLFK DUH SDUWV RI WKH (XURSHDQ&HQR]RLF ULIW
V\VWHP>=LHJOHU@WKDWHVVHQWLDOO\IRUPHGGXULQJWKH/DWH(RFHQHWR2OLJRFHQH%UHVVH
*UDEHQDQG85*DUH VHSDUDWHGE\ WKH5KLQH%UHVVH WUDQVIHU ]RQH 5%7=ZKLFK OLQNHG
VLPXOWDQHRXVRSHQLQJVE\VLQLVWUDOWUDQVWHQVLYHPRYHPHQWV7KHORFDWLRQRIWKH5%7=ZDV
ODUJHO\FRQWUROOHGE\SUHH[LVWLQJ1(WR(1(WUHQGLQJIDXOWVLQKHULWHGIURP/DWH9DULVFDQ
WLPHV >/DXEVFKHU  =LHJOHU  6FKXPDFKHU  8VWDV]HZVNL HW DO D@
7KH GHYHORSPHQW RI WKH %UHVVH *UDEHQ DQG 85* LQ WKH QRUWKHUQ$OSLQH IRUHODQG ZDV
LQ D EURDG VHQVH FRQWHPSRUDQHRXVZLWK WKH FROOLVLRQSKDVHV RI WKH$OSLQH DQG3\UHQHDQ
RURJHQLHV >'q]HV HW DO @ 7KH 85* LQ SDUWLFXODU IRUPV WKHPRVW FRQVSLFXRXV SDUW
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&KDSWHU
RI WKH(XURSHDQ&HQR]RLF ULIW V\VWHPH[WHQGLQJRYHUD OHQJWKRI VRPHNPIURP WKH
5KHQLVK0DVVLILQWKHQRUWKWRWKH-XUD0RXQWDLQVLQWKHVRXWKDQGZLWKDQDYHUDJHZLGWK
RIWRNP:KLOHVXEVLGHQFHLQWKHQRUWKHUQSDUWRIWKH85*ZDVFRQWLQXRXVXSWRWKH
3OLR3OHLVWRFHQHLWKDVFRPHWRDKDOWLQWKHVRXWKHUQSDUWLQWKH(DUO\$TXLWDQLDQ)LJ
7KLVFHVVDWLRQRIVXEVLGHQFHZDVFDXVHGE\ZLGHVSUHDGXSOLIWRI WKH9RVJHV%ODFN)RUHVW
DUFK7KHGHYHORSPHQWRIWKLVDUFKZKLFKHQWDLOHGXSOLIWRIWKHVRXWKHUQSDUWVRIWKH85*
DQGDWUXQFDWLRQRILWVVHGLPHQWDU\LQ¿OOZDVDWWULEXWHGHLWKHUWRWKHQRUWKZDUGPLJUDWLRQRI
WKHÀH[XUDO IRUHEXOJHRI WKH$OSV>/DXEVFKHU@RU WR ODUJHVFDOH OLWKRVSKHULFIROGLQJ
LQUHVSRQVHWRWKHEXLOGXSRID1:GLUHFWHGVWUHVV¿HOGWKDWLQFUHDVHGFROOLVLRQDOFRXSOLQJ
EHWZHHQ WKH$OSV DQG WKHLU QRUWKHUQ IRUHODQG >=LHJOHU HW DO @)URP(DUO\0LRFHQH
WLPHVRQZDUGVWKHVRXWKHUQ85*WKXVEHFDPHSDUWRIWKHQRUWKZHVWHUQ$OSLQHIRUHODQGDQG
KDVVLQFH WKHQUHPDLQHGXQGHU WKH LQÀXHQFHRI1:6(RULHQWHGFRPSUHVVLRQ7KLV OHG WR
HURVLRQDQGRUQRQGHSRVLWLRQ&RUUHVSRQGLQJO\DPDMRUKLDWXV LQ WKH VHGLPHQWDU\ UHFRUG
RI WKH VRXWKHUQ85* )LJ  ODUJHO\ SUHYHQWV DQDO\VLV RI LWV HYROXWLRQ DIWHU WKH(DUOLHVW
0LRFHQH
$ FRPSUHVVLYH UHDFWLYDWLRQ RI WKH 85* ERUGHU IDXOWV VXFK DV WKH 5KLQH *UDEHQ
ÀH[XUH HDVW RI %DVHO LQ WKH %XUGLJDOLDQ KDV EHHQ UHFHQWO\ SURSRVHG >/DXEVFKHU 
@ +RZHYHU H[DFW DJH DQG FDXVHV RI WKLV ÀH[XULQJ UHPDLQ XQFRQVWUDLQHG )OH[XULQJ
FRXOGHTXDOO\ZHOOKDYHEHHQFDXVHGE\WKHODWHVW(DUOLHVW0LRFHQHVWDJHVRIH[WHQVLRQ7KH
NLQHPDWLFVRI(DUO\0LRFHQHFRPSUHVVLYHHYHQWVZKLFKDUHOLQNHGWRWKHZLGHVSUHDGXSOLIW
RIWKH9RVJHV%ODFN)RUHVWDUFKDUH\HWRQO\SRRUO\FRQVWUDLQHG
2QJRLQJ VKRUWHQLQJ LQ WKH$OSV GXULQJ WKH0LGGOH0LRFHQH OHDGLQJ WR VWDFNLQJ
RI FUXVWDO VOLFHV LQ WKH H[WHUQDO FU\VWDOOLQH PDVVLIV RI WKH$OSV DQG FDXVHG E\ RQJRLQJ
VXEGXFWLRQRI(XURSHDQFRQWLQHQWDOOLWKRVSKHUH>6FKPLGHWDO@OHGWRWKHGHFRXSOLQJ
RI WKH 0HVR]RLF VHGLPHQWDU\ FRYHU URFNV DORQJ 0LG WR /DWH 7ULDVVLF HYDSRULWLF VHULHV
>%XUNKDUGDQG6RPPDUXJD@7KLVHQDEOHG WKHSURSDJDWLRQRI VKRUWHQLQJDFURVV WKH
0RODVVH%DVLQWRZDUGVWKHIRUHODQGLQFRUSRUDWLQJWKHGHWDFKHGVHGLPHQWVLQWRDGHIRUPLQJ
ZHGJHDQGFUHDWLQJWKHIROGVDQGWKUXVWVRIWKH-XUD0RXQWDLQV)LJ$VDFRQVHTXHQFH
WKH$OSLQHWKUXVWIURQWSURSDJDWHGWRWKH1DQG1:IURPWKH6HUUDYDOOLDQDURXQG0D
RQZDUGV7KHQRUWKHUQPRVWSDUWVRIWKH)ROGHG-XUDKRZHYHUZHUHSUREDEO\QRWLQYROYHGLQ
GHIRUPDWLRQEHIRUH(DUO\7RUWRQLDQWLPHVVHHVWUDWLJUDSKLFFRQVWUDLQWVJLYHQLQ)LJ7KH
GHWDFKHGVHGLPHQWVZHUHWKUXVWHGRQWRWKHDXWRFKWKRQRXVFRYHURIWKHIRUHODQG,QQRUWKHUQ
6ZLW]HUODQGWKLVDXWRFKWKRQRXVFRYHULVIUHTXHQWO\UHIHUUHGWRDV³7DEXODU-XUD´EHFDXVHRI
WKHKRUL]RQWDOOD\HULQJRISUHGRPLQDQW-XUDVVLFDJHVHGLPHQWV$WWKHMXQFWLRQWRWKH85*
WKHGHWDFKHGVHGLPHQWVHQFRXQWHUHGSUHH[LVWLQJVWUXFWXUHVLQKHULWHGIURP3DOHRJHQHULIWLQJ
ZKLFK KDG RIIVHW WKH 7ULDVVLF GpFROOHPHQW RI WKH -XUD0RXQWDLQV 7KLV LQKHULWHG SDWWHUQ
LQÀXHQFHG WKH VKDSH RI WKH QRUWKHUQ SDUWV RI WKH GHYHORSLQJ WKLQVNLQQHG IROG DQG WKUXVW
EHOW>/DXEVFKHU1RDFN@7KHWRWDOVKRUWHQLQJDFURVVWKH)ROGHG-XUDDV

*HRPHWU\DQGNLQHPDWLFVLQWKHQRUWKHUQ-XUDIROGDQGWKUXVWEHOW
PHDVXUHGEHWZHHQ0RODVVH%DVLQDQG85*VRXWKZHVWRI%DVHODPRXQWVWRVRPHNP
>3KLOLSSHHWDO@
6LQFHWKH/DWH3OLRFHQHVLQFHDERXW0DDJR1:6(WR16GLUHFWHGVKRUWHQLQJ
KDVSURSDJDWHGQRUWKZDUGDQGHQFURDFKHGRQWKHVRXWKHUQPRVWSDUWVRIWKH85*>0H\HUHW
DO 1LYLqUHDQG:LQWHU*LDPERQLHWDO@:KLOHWKHIRUHJRLQJGHIRUPDWLRQ
ZDV ODUJHO\ UHVWULFWHG WR WKHVHGLPHQWVGHWDFKHGDORQJ WKH0LGDQG8SSHU7ULDVVLFZHDN
OD\HUV >3KLOLSSHHWDO@ WKLVPRVW UHFHQWVKRUWHQLQJDSSHDUV WREHHQWLUHO\ URRWHG LQ
WKHEDVHPHQW>0H\HUHWDO *LDPERQLHWDO@,QWKHSUHVHQWGD\VWUHVV¿HOGWKH
VRXWKHDVWHUQ 85* LV VXEMHFWHG WR VLQLVWUDO WUDQVWHQVLYH VWULNHVOLS PRWLRQ >/DUURTXH DQG
/DXUHQW 6FKXPDFKHU@DVHYLGHQFHGE\WKHVWXG\RIHDUWKTXDNHIRFDOPHFKDQLVPV
>3OHQH¿VFKDQG%RQMHU 'HLFKPDQQHWDO /RSHV&DUGR]RDQG*UDQHW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7HFWRQLF
HYHQWV
QRUWKHUQ -XUD 3DOHR
VWUHVV
3ODQRUELV OLPHVW
6LGpUROLWKLF"
"
%RUGHU
&RQJOR
PHUDWHV
0HODQLD OLPHVWRQH
3ODQRUELV
OLPHVWRQH
6WUHLILJH 0HUJHO
%XQWH 0HUJHO
VDQG
0HHUHV
&\UHQD PDUOV
)UHVKZDWHU EHGV $OVDFLDQ 0RODVVH
7OOLQJHQ  'HOVEHUJ /LPHVWRQH
%RLV GH 5DXEH
)RUPDWLRQ
-XUDQDJHO
IOXK
6XQGJDX JUDYHO
5KLQH JUDYHO /RHVV
200
260
+HOLFLGD PDUOV
6DQQRLVLDQ
"
VXEVLGHQFH  ULIWLQJ
YROFDQLVP
.DLVHUVWXKO
XSOLIW RI 9RVJHV DQG
%ODFN )RUHVW 0DVVLIV
WKLQVNLQQHG -XUD WKUXVWLQJ DQG IROGLQJ
WKLFNVNLQQHG FRPSUHVVLRQ RU WUDQVSUHVVLRQ
XQFRQIRUPLW\
WUDQVJUHVVLRQ
PD[LPXP SULQFLSDO
VWUHVV D[LV 
PLQLPXP SULQFLSDO
VWUHVV D[LV 
260
200
860
00
2EHUH 6VVZDVVHUPRODVVH
2EHUH 0HHUHVPRODVVH
8QWHUH 6VVZDVVHUPRODVVH
8QWHUH 0HHUHVPRODVVH
FRYHU EDVHPHQW
 &KURQRVWUDWLJUDSKLF FKDUW VKRZLQJ WKH &HQR]RLF HYROXWLRQ RI WKH VRXWKHUQ 85* DQG WKH
VRXWKHUO\DGMDFHQW-XUDPRGL¿HGDIWHU*LDPERQLHWDO>@

&KDSWHU
.DVWUXSHWDO@ZKHUHDVWKHDUHDRIWKH5%7=LVFRQFHLYDEO\H[SHULHQFLQJLQFLSLHQW
GH[WUDOO\ WUDQVSUHVVLYH LQYHUVLRQ RI 3HUPR&DUERQLIHURXV WURXJKV >0H\HU HW DO 
8VWDV]HZVNLHWDOE@
$QDO\VLVRIIDXOWVOLSGDWDDQGSDOHRVWUHVVUHFRQVWUXFWLRQ
)DXOWVOLSGDWDFROOHFWLRQ
7KH RULHQWDWLRQV RI IDXOWV DQG FRUUHVSRQGLQJ VWULDWLRQV ³IDXOWVOLS VHWV´ ZHUH
PHDVXUHGDWQXPHURXVVLWHVLQWKHVWXG\DUHDLQRUGHUWRGHULYHWKHRULHQWDWLRQVRIZKDWLV
FRPPRQO\ UHIHUUHG WR DV WKH RULHQWDWLRQ RI ³SDOHRVWUHVV´ D[HV DOWKRXJK WKHVH D[HV RIWHQ
PD\ UHÀHFW W\SHV RI LQFUHPHQWDO RU HYHQ ¿QLWH VWUDLQ UDWKHU WKDQ SULQFLSDO D[HV RI WKH
SDOHRVWUHVVWHQVRU7KHPDMRULW\RIWKHGDWDZHUHDFTXLUHGLQ0HVR]RLFOLPHVWRQHVDQGWRD
OHVVHUH[WHQWLQ7HUWLDU\VHGLPHQWVHJ)LJDDQGF)DXOWVOLSVHQVHVZHUHLQIHUUHGIURP
YDULRXVVKHDUVHQVH LQGLFDWRUVRQWKHIDXOWSODQHV>+DQFRFN3HWLW@7KHPRVW
DEXQGDQW LQGLFDWRUVZHUH VOLFNROLWHV REOLTXHVW\OROLWHVEHVWGHYHORSHG LQPLFULWLF8SSHU
-XUDVVLF OLPHVWRQHV /HVV IUHTXHQWO\ VOLFNHQ¿EUHV REOLTXH ¿EURXV JURZWK ZHUH IRXQG
PDLQO\ LQ RROLWKLF OLPHVWRQHV RI ERWK0LG DQG8SSHU -XUDVVLF DJH )LJ E &UHVFHQWLF
RU OXQDWH IUDFWXUHV WHQVLOHFUDFNVDQGRU5LHGHOVKHDUSODQHVZHUH UHVWULFWHG WRPDVVLYH
FRUDOOLIHURXV8SSHU-XUDVVLFOLPHVWRQHVDQGRUWRFDWDFODVLWHVQHDUWRRUGLUHFWO\ZLWKLQIDXOW
]RQHV2FFDVLRQDOO\SUHVVXUHVROXWLRQSLWVDQGVWULDWHGSHEEOHV)LJDKRUL]RQWDOVW\OROLWH
SHDNV>3OHVVPDQQ@RUFDOFLWH¿OOHGWHQVLRQJDVKHV)LJFZHUHDOVRXVHGWRLQIHUWKH
VKRUWHQLQJGLUHFWLRQV
7KHTXDOLW\RIVOLSVHQVHLQGLFDWRUVZDVFODVVL¿HGLQWR³H[FHOOHQW´³JRRG´DQG³SRRU´
LQRUGHUWRDOORZIRUZHLJKWLQJGXULQJVXEVHTXHQWSDOHRVWUHVVD[HVFDOFXODWLRQV$GGLWLRQDOO\
WKH³LPSRUWDQFH´RIIDXOWVZDVHVWLPDWHGLQDTXDOLWDWLYHPDQQHUEDVHGRQWKHGLPHQVLRQV
RIWKHH[SRVHGSDUWRIWKHIDXOWSODQHWKHDPRXQWRIGLVSODFHPHQWLIGHWHFWDEOHDQG
WKHSUHVHQFHRUDEVHQFHRIFDWDFODVLWHRUIDXOWJRXJH0RVWRIWKHDQDO\]HGIDXOWVKRZHYHU
UHYHDOHGVOLFNROLWHVDVVRFLDWHGZLWKGLVSODFHPHQWVLQWKHRUGHURIDIHZPPRQO\DQGWKXV
UHFRUGYHU\VPDOOLQFUHPHQWVRIVWUDLQ
2YHUSULQWLQJ UHODWLRQVKLSV FURVVFXWWLQJ IDXOWV VXSHULPSRVHG VOLFNHQVLGHV HJ
)LJVDWRGDOORZHGHVWDEOLVKLQJDUHODWLYHFKURQRORJ\RIIDXOWLQJ7KLVLQWXUQSHUPLWWHG
D VHSDUDWLRQ RI KHWHURJHQHRXV IDXOW SRSXODWLRQV LQWR KRPRJHQHRXV VXEVHWV WKDW UHÀHFW
RQHSDUWLFXODUGHIRUPDWLRQSKDVHRQO\7KHVHSDUDWLRQRISRO\SKDVHIDXOWSRSXODWLRQVZDV
IDFLOLWDWHGE\WKH³LQFUHPHQWDOVWUDLQD[HV´RU37D[HVPHWKRG>0DUUHWWDQG$OOPHQGLQJHU
@
)DXOWVOLS VHWV FROOHFWHG LQ WLOWHG VWUDWD ZHUH URWDWHG EDFN LQWR D SRVLWLRQ ZKHUH
EHGGLQJZDVKRUL]RQWDOEHIRUHSHUIRUPLQJVWUHVVD[HVFDOFXODWLRQV7KLVSURFHGXUHLVMXVWL¿HG
E\ GLUHFW REVHUYDWLRQV ZKLFK LQGLFDWH WKDW VWUDWD ZHUHPRVWO\ KRUL]RQWDO DW WKH RQVHW RI
UHYHUVHIDXOWLQJWKUXVWLQJ\HWEHIRUHWKHLULQYROYHPHQWLQIROGLQJ)LJHDQGI7KHVWUHVV

*HRPHWU\DQGNLQHPDWLFVLQWKHQRUWKHUQ-XUDIROGDQGWKUXVWEHOW
'DWDVHWV 
EHGGLQJ
VWULNH

WHQVLRQ
JDVKHV
 GDWDVHWV
UHDFWLYDWHG
MRLQW
I
G
)LJ6HOHFWHGH[DPSOHVRIFURVVFXWWLQJUHODWLRQVKLSVWKDWFRQVWUDLQNLQHPDWLFVDQGUHODWLYHDJHRIGHIRUPDWLRQ
VWUXFWXUHVREVHUYHGLQWKHVWXG\DUHDDVKRUWHQLQJGLUHFWLRQVLQIHUUHGIURPKRUL]RQWDOSUHVVXUHVROXWLRQSLWV
DQGVWULDWLRQVRQOLPHVWRQHSHEEOHVLQ/RZHU2OLJRFHQHJUDLQVXSSRUWHGFRQJORPHUDWHVDWWKH)ROGHG-XUDIURQW
&RQYHUJLQJDUURZVLQGLFDWHVKRUWHQLQJGLUHFWLRQ3HQFLOIRUVFDOHE6XSHULPSRVHGVOLFNHQVLGHVRQDVWHHSO\
LQFOLQHG IDXOW SODQH LQ 2[IRUGLDQ OLPHVWRQHV 7KH ROGHU VOLFNHQVLGH JHQHUDWLRQ / LV UHODWHG WR 3DODHRJHQH
QRUPDOIDXOWLQJ/IRUPVERWKJURRYHPDUNVJPDQG¿EURXVVWHSVVIZKLFKFOHDUO\RYHUJURZ/&RLQIRU
VFDOHF11(WUHQGLQJMRLQWVLQ&KDWWLDQVDQGVLQWKH'HOpPRQW%DVLQ7KHMRLQWVGHOLQHDWHGE\DQR[LGDWLRQ
IURQWDUHFURVVFXWE\HQpFKHORQDOLJQHGFDOFLWH¿OOHGWHQVLRQJDVKHVVXJJHVWLQJWKDWWKHMRLQWVDFFRPPRGDWHG
PLQRUVLQLVWUDOVWULNHVOLSPRWLRQGVWHUHRJUDSKLFUHSUHVHQWDWLRQRIGDWDIURPFHVRXWKZDUGWLOWHGWRSWR
WKH1WKUXVWZLWKLQ2[IRUGLDQOLPHVWRQHVRQWKH6OLPERIWKH)HUUHWWHDQWLFOLQHIVWHUHRJUDSKLFUHSUHVHQWDWLRQ
RIIDXOWVOLSGDWDDWHEDFNURWDWHGLQWRDSRVLWLRQZKHUHEHGGLQJLVKRUL]RQWDO$OOSORWVLQWKLVVWXG\DUHORZHU
KHPLVSKHUHHTXDODUHDSURMHFWLRQV6HH)LJIRUORFDWLRQVRIWKHRXWFURSV

&KDSWHU
D[HVGHULYHGIURPEDFNURWDWHGIDXOWVOLSVHWVWKXVUHÀHFWWKHVWUHVVHVDWWKHRQVHWRIIROGLQJ
&RQFHUQLQJWKHD]LPXWKVRIWKHVWUHVVD[HVWKHGLIIHUHQFHEHWZHHQ³QRQURWDWHG´DQG³EDFN
URWDWHG´IDXOWVOLSVHWVZDVXVXDOO\QHJOLJLEOHEHFDXVHIHZIDXOWVOLSGDWDZHUHPHDVXUHGLQ
VWUDWDLQFOLQHGE\PRUHWKDQVRPH
,Q WKLV VWXG\ ZH IRFXV RQ IDXOW NLQHPDWLFV WKDW SRVWGDWH 3DOHRJHQH ULIWUHODWHG
H[WHQVLRQ RI WKH 85* UHFHQWO\ GHVFULEHG HOVHZKHUH >8VWDV]HZVNL HW DO D@
&RUUHVSRQGLQJO\WKHIDXOWNLQHPDWLFVGHVFULEHGLQWKHIROORZLQJUHSUHVHQWDOUHDG\VHSDUDWHG
KRPRJHQHRXVVXEVHWVRIDPRUHFRPSUHKHQVLYHDQDO\VLV>8VWDV]HZVNL@7KHVWUXFWXUDO
GDWDZHUHYLVXDOL]HGDV ORZHUKHPLVSKHUHHTXDODUHDSURMHFWLRQVXVLQJFRPSXWHUSURJUDP
³7HFWRQLFV)3´YHUVLRQ35>5HLWHUDQG$FV@
&URVVFXWWLQJUHODWLRQVKLSVDQGWLPLQJFRQVWUDLQWVRIIDXOWNLQHPDWLFV
%HIRUH SUHVHQWLQJ WKH UHVXOWV RI WKH SDOHRVWUHVV DQDO\VLV LW LV QHFHVVDU\ WR DGGUHVV
SUREOHPVRI UHSHDWHG UHDFWLYDWLRQRISUHH[LVWLQJ IDXOWV VWUDLQSDUWLWLRQLQJEHWZHHQ VWULNH
VOLSIDXOWLQJDQGIROGLQJDVZHOODVUHODWLYHDQGDEVROXWHWLPLQJFRQVWUDLQWVRIWKHNLQHPDWLFV
RI IDXOWLQJ ,Q WKH IROORZLQJZHSUHVHQW SDUWLFXODUO\ FOHDU H[DPSOHV WKDW DPRQJVW RWKHUV
SURYLGHVXFKYDOXDEOHLQIRUPDWLRQ
$SDUWLFXODUO\FOHDUH[DPSOHIRUWKHUHSHDWHGIRUPDWLRQRIKRUL]RQWDOVOLFNROLWHVDORQJ
VWULNHVOLSIDXOWVDQGWKHLUVXEVHTXHQWWLOWLQJGXHWRRQJRLQJIROGLQJZDVREVHUYHGLQDORFDOLW\
DORQJWKH11(66:WUHQGLQJSDUWRIWKH)HUUHWWHDQWLFOLQH³)H´LQ)LJDQGSUHVHQWHGLQ
)LJ 7KHUH WZRJHQHUDWLRQVRIGH[WUDO VOLFNROLWHVRQ D VXEYHUWLFDO IDXOW SODQH RULHQWHG
SHUSHQGLFXODUO\WRWKHVWULNHRIEHGGLQJDUHREVHUYHG$QROGHUJHQHUDWLRQ/LVRYHUSULQWHG
E\D\RXQJHUJHQHUDWLRQ/WKDW³LQFLVHV´LQWR//LVWLOWHGE\WKHVDPHDPRXQWDVWKH
EHGGLQJSODQHVVXJJHVWLQJWKDWLWRULJLQDOO\IRUPHGZKLOHEHGGLQJZDVVWLOOKRUL]RQWDO$IWHU
WLOWLQJRIWKHEHGVGXHWRIROGLQJGXULQJDVHFRQGVWUDLQLQFUHPHQWSXUHGH[WUDOVWULNHVOLS
IDXOWLQJ LQDKRUL]RQWDOGLUHFWLRQ UHVXPHGGXH WRD WKLUG LQFUHPHQWRIGHIRUPDWLRQ7KLV
DQGPDQ\RWKHUVLPLODUREVHUYDWLRQVVXJJHVWWKDWUHSHDWHGSHUPXWDWLRQEHWZHHQIROGLQJDQG
VWULNHVOLSIDXOWLQJVXFKDVSRVWXODWHGIRUWKH-XUDDUFLQJHQHUDO>/DXEVFKHU@GLGDOVR
RFFXUDORQJWKHZHVWHUQULPRIWKH)HUUHWWHDQWLFOLQH
([HPSODU\REVHUYDWLRQVSRLQWLQJWRZDUGVPXOWLSOHUHDFWLYDWLRQRISUHH[LVWLQJIDXOWV
ZHUHDOVRPDGHQHDUWKHQRUWKHUQWLSRIWKH)HUUHWWHDQWLFOLQHZKHUHWKHVWULNHRIWKLVDQWLFOLQH
DEUXSWO\VZD\VDURXQGIURPD11(66:LQWRDQ(:WUHQG7KHUHVHHGDWDSUHVHQWHG
LQ )LJ  11(WUHQGLQJ FRQMXJDWH IDXOWV LQKHULWHG IURP 3DOHRJHQH H[WHQVLRQ )LJ F
ZHUH¿UVW UHDFWLYDWHGDVH[WHQVLRQYHLQV WKDWDFFRPPRGDWH(:H[WHQVLRQGXULQJ11(
66:GLUHFWHG FRPSUHVVLRQ SUHVXPDEO\ GXULQJ WKH (DUO\ 0LRFHQH )LJ G 7KH YHLQ
WKLFNQHVVUHDFKHVDSSUR[LPDWHO\PLQWKHRXWFURS/DWHULHGXULQJ-XUDIROGLQJLQ/DWH
0LRFHQHWR(DUO\3OLRFHQHWLPHVWKHVDPHYHLQVEHFDPHVLQLVWUDOO\RIIVHW)LJDEDQGH
+RUL]RQWDOVOLFNHQVLGHVUHYHDOYDULRXVSLWFKDQJOHVRIWHQRQWKHVDPHIDXOWSODQH7KHODWWHU
REVHUYDWLRQDJDLQVKRZVWKDWVWULNHVOLSIDXOWLQJZDVFRQFRPLWDQWZLWKSURJUHVVLYHIROGLQJ

*HRPHWU\DQGNLQHPDWLFVLQWKHQRUWKHUQ-XUDIROGDQGWKUXVWEHOW
DWWKH-XUDIURQW6LQFHWKLVLQWHUPLWWHQWVWULNHVOLSIDXOWLQJLVOLQNHGWR(1(:6:H[WHQVLRQ
LWLQGLFDWHVPLQRUH[WHQVLRQSHUSHQGLFXODUWRWKHGRPLQDQWGLUHFWLRQRIKRUL]RQWDOVKRUWHQLQJ
WKDWLVDFFRPPRGDWHGE\IROGLQJWKUXVWLQJ7KLVPLQRUH[WHQVLRQLVSUREDEO\OLQNHGWRWKH
IRUPDWLRQRIWKHWLJKWO\FXUYHGGHIRUPDWLRQIURQWRIWKH)HUUHWWHDQWLFOLQH
$WWKHVRXWKHUQHQGRIWKH&DTXHUHOOHDQWLFOLQH³&D´LQ)LJGPEHGGHG8SSHU
-XUDVVLF OLPHVWRQHV DUH GLVVHFWHG E\11(WUHQGLQJ VXEYHUWLFDO NDUVW ¿VVXUHVZKLFKPRVW
6WHLQEU//BFRU
/
/
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)LJ  5HSHDWHG IRUPDWLRQ RI
KRUL]RQWDO VOLFNHQVLGHV RQ D IDXOW
SODQH LQ 0LG-XUDVVLF OLPHVWRQHV
DORQJ WKH -XUD IURQW FRQFRPLWDQW
ZLWK SURJUHVVLYH WLOWLQJ 1HZ
VOLFNROLWHV / ³FDUYH´ LQWR
ROGHU VOLFNROLWHV / WKDW ZHUH
DOUHDG\ WLOWHG GXULQJ DQ HDUOLHU
IROGLQJ LQFUHPHQW %RWWRP ULJKW
LQVHW LOOXVWUDWHV WKH VLWXDWLRQ LQ D
VWHUHRSORW6HH)LJIRUORFDWLRQ
)LJ  0XOWLSO\ UHDFWLYDWHG
IDXOWV LQ 0LG-XUDVVLF OLPHVWRQHV
DW WKH QRUWKHUQPRVW WLS RI WKH
)HUUHWWH -XUD )DXOWVOLS VHW 
6LPXOWDQHLW\ RI VWULNHVOLS IDXOWLQJ
DQG IROGLQJ DFFRPPRGDWHV
H[WHQVLRQ SHUSHQGLFXODU WR WKH
VKRUWHQLQJ GLUHFWLRQV 6HH )LJ 
IRU ORFDWLRQ D DQG E 6LQLVWUDO
RIIVHW RI SUHH[LVWLQJ H[WHQVLRQ
YHLQVVXFKDVWKRVHSORWWHGLQ)LJ
G GXULQJ -XUD IROGLQJ LQ /DWH
0LRFHQH WR (DUO\ 3OLRFHQH WLPHV
LQ D W\SLFDO RXWFURS H[KLELWLQJ
IDXOW UHDFWLYDWLRQ F 2ULHQWDWLRQV
RI 11(WUHQGLQJ FRQMXJDWH
IDXOWV LQKHULWHG IURP 3DOHRJHQH
H[WHQVLRQ G 2ULHQWDWLRQV RI
H[WHQVLRQ YHLQV DFFRPPRGDWLQJ
(:H[WHQVLRQ GXULQJ 11(
66:GLUHFWHGFRPSUHVVLRQ LQ WKH
(DUO\0LRFHQH" H 2ULHQWDWLRQV
RI VWULNH VOLS IDXOWV RIIVHWWLQJ
H[WHQVLRQYHLQVDQG IRUPHGGXULQJ
-XUD IROGLQJ LQ /DWH 0LRFHQH WR
(DUO\3OLRFHQHWLPHV

&KDSWHU
OLNHO\IRUPHGDORQJ3DOHRJHQHMRLQWV
7KHVHGLPHQWDU\LQ¿OORIWKHVH¿VVXUHV
FRQWDLQV PDULQH DW WKH ERWWRP DQG
FRQWLQHQWDO IDXQDV RQ WRS RI /DWH
%XUGLJDOLDQ WR 6HUUDYDOLDQ DJH
ZKLFK ZHUH FRUUHODWHG ZLWK GHSRVLWV
IURP WKH0RODVVH%DVLQ VRXWK RI WKH
-XUD 0RXQWDLQV >+XJ HW DO D
E@ 6PDOOVFDOH VLQLVWUDO VWULNH
VOLS IDXOWV GLVSODFH WKH NDUVW ¿VVXUHV
)LJ  +RZHYHU WKH VDPH ¿VVXUHV
DUHDOVRRIIVHWE\EHGGLQJSDUDOOHOVOLS
UHODWHG WR IROGLQJ RI WKH &DTXHUHOOH
DQWLFOLQH DV FDQ EH MXGJHG IURP WKH
VHGLPHQWDU\ LQ¿OO VPHDUHG RXW DORQJ
EHGGLQJ SODQHV 7KHVH RXWFURS
VFDOH REVHUYDWLRQV QRW RQO\ SURYLGH
H[FHOOHQW WLPLQJ FRQVWUDLQWV EXW DOVR
VKRZWKDWWKHIRUPDWLRQRI-XUDIROGV
VXFK DV WKH &DTXHUHOOH DQWLFOLQH
LV LQWULQVLFDOO\ FRQQHFWHG ZLWK WKH
UHDFWLYDWLRQ RI SUHH[LVWLQJ 85*
SDUDOOHO GLVFRQWLQXLWLHV 6XFK REOLTXH
IROGV IRUP SDUDOOHO WR DQG DERYH SUHH[LVWLQJ 3DOHRJHQH QRUPDO IDXOWV WKDW GLG RIIVHW WKH
IXWXUHGpFROOHPHQWKRUL]RQ)LJSURYLGHVDVFKHPDWLFEORFNGLDJUDPIXUWKHULOOXVWUDWLQJ
WKHVHTXHQFHRIGHIRUPDWLRQHYHQWVUHFRUGHGDWWKHVRXWKHUQHQGRIWKH&DTXHUHOOHDQWLFOLQH
3DOHRVWUHVVGHWHUPLQDWLRQ
%DVHGRQVXSHUSRVLWLRQFULWHULDVXFKDVWKRVHGHVFULEHGDERYHPRUHWKDQIDXOW
VOLSGDWDFROOHFWHGDWORFDOLWLHVZHUHDWWULEXWHGWRGHIRUPDWLRQWKDWSRVWGDWHV3DOHRJHQH
85*H[WHQVLRQOLQNHGWRDQRWKHUVHWRIIDXOWVOLSGDWDGHVFULEHGHOVHZKHUH>8VWDV]HZVNLHW
DOD@IDXOWVDPSOLQJORFDOLWLHV\LHOGHGVXI¿FLHQWGDWDIRUGHULYLQJWKHRULHQWDWLRQV
RIWKHSULQFLSDONLQHPDWLFD[HVDQGDSSO\LQJWKHLQYHUVLRQWHFKQLTXHVGHVFULEHGEHORZ(DFK
IDXOWVDPSOLQJORFDWLRQGH¿QHGDGDWDVHWFRQVLVWLQJRIDPLQLPXPRIDQGXSWRIDXOWVOLS
VHWV
7KHRULHQWDWLRQVRI WKHSULQFLSDO VKRUWHQLQJ LQWHUPHGLDWHDQGH[WHQVLRQD[HVKDYH
EHHQ SULPDULO\ GHWHUPLQHG E\ DSSO\LQJ WKH5LJKW'LKHGUD0HWKRG 5'0 >$QJHOLHU DQG
0HFKOHU3¿IIQHUDQG%XUNKDUG@7KLVPHWKRGLVDSXUHO\NLQHPDWLFDSSURDFK
DQGDSSOLFDEOHWRDQ\IDXOWVOLSVHW,WRQO\FRQVLGHUVGLUHFWLRQVDQGVHQVHVRIVOLSDQGPDNHV
)LJDRXWFURSRI8SSHU-XUDVVLFOLPHVWRQHVDWWKHVRXWKHUQ
HQGRIWKH&DTXHUHOOHDQWLFOLQH7KHOLPHVWRQHLVGLVVHFWHGE\
VXEYHUWLFDO11(WUHQGLQJNDUVW¿VVXUHV WKDW FRQWDLQ200
260VHGLPHQWV>+XJHWDODE@7KHZDOOVRIWKH
NDUVW¿VVXUHVDUHDIIHFWHGE\VLQLVWUDOVWULNHVOLSIDXOWVZKLFK
DUHSDUWO\RIIVHWWKHPVHOYHVDORQJEHGGLQJSDUDOOHOVOLSSODQHV
HYLGHQFHG E\ WKH ¿VVXUH LQ¿OO VPHDUHG RXW DORQJ EHGGLQJ
SODQHV E LQWHUSUHWHG OLQHGUDZLQJRI D FGHWDLORI D
FRLQIRUVFDOH6HH)LJIRUORFDWLRQ

*HRPHWU\DQGNLQHPDWLFVLQWKHQRUWKHUQ-XUDIROGDQGWKUXVWEHOW
QRDVVXPSWLRQVUHJDUGLQJWKHDQJOHRILQWHUQDOIULFWLRQ
6WULFWO\VSHDNLQJWKH5'0\LHOGVWKH¿QLWHVWUDLQD[HV
RIDSRSXODWLRQRIIDXOWVOLSVHWV>3¿IIQHUDQG%XUNKDUG
@,QRUGHUWRFRQIRUPWRSUHYLRXVZRUNZHUHIHU
WRWKHD[HVGHULYHGZLWKWKH5'0DV³SULQFLSDOVWUHVV
D[HV´ ı ı DQG ı RU ³SDOHRVWUHVV´ D[HV 7KH
XVH RI WKH 5'0 LQ WKH SUHVHQW VWXG\ ZDV MXVWL¿HG
EHFDXVHWKHVDPSOHGIDXOWVOLSVHWVXVXDOO\VKRZHG
D KRPRJHQHRXV VSDWLDO FRYHUDJH  RQO\ IDXOWVOLS
VHWV UHSUHVHQWLQJ ³SXUH VKHDU´ ZHUH FRQVLGHUHG IRU
FDOFXODWLRQ LHZH UHMHFWHG ³VLPSOHVKHDU´ IDXOWVOLS
VHWV ZLWK RQH IDPLO\ RI SODQHV DQG  WKH UHVXOWV
ZHUH FRKHUHQWZLWK RWKHU ³VWUHVV´PDUNHUV REVHUYHG
VXFK DV KRUL]RQWDO VW\OROLWH SHDNV 7KH UHVXOWV ZHUH
FRQVLGHUHG UHOLDEOH ZKHQ WKH PD[LPD DQG PLQLPD
RI WKH FRQWRXUV HQFORVHG WKH SRVLWLRQV RIı DQGı
UHVSHFWLYHO\7KLVPHDQVWKDWWKHREWDLQHGVWUHVVD[HV
ZHUH NLQHPDWLFDOO\ FRQVLVWHQW ZLWK WKH IDXOWVOLS
VHQVHVUHFRUGHG)DXOWVOLSGDWDWKDWZHUHLQFRPSDWLEOH
ZLWK WKH REWDLQHG VWUHVV D[HV ZHUH H[FOXGHG IURP
WKH GDWDVHW ¿UVW HOLPLQDWLQJ IDXOWV H[KLELWLQJ ORZ
TXDOLW\ VOLSVHQVH LQGLFDWRUV)XUWKHUPRUH WKH UHVXOWV
GHULYHG ZLWK WKH 5'0 QHHGHG WR EH FRKHUHQW ZLWK
UHVXOWV REWDLQHG ZLWK DOWHUQDWLYH PHWKRGV DSSOLHG
WR WKH VDPH GDWD VHW QDPHO\ WKH 37D[HV PHWKRG
>0DUUHWW DQG $OOPHQGLQJHU @ $ GUDZEDFN RI
WKH 5'0 LV WKDW WKH GHULYHG VWUHVV D[LV RULHQWDWLRQV
GR QRW QHFHVVDULO\ UHÀHFW DQ ³$QGHUVRQLDQ´ VWUHVV
VWDWHZLWK WZRKRUL]RQWDODQGRQHYHUWLFDOVWUHVVD[HV
>$QGHUVRQ@SDUWLFXODUO\ZKHQDGDWDVHWFRQVLVWV
RIDEOHQGRIVWULNHVOLSDQGUHYHUVHIDXOWV+RZHYHULW
ZDVRISUHGRPLQDQWLQWHUHVWLQWKLVVWXG\WRREWDLQWKH
RULHQWDWLRQRIıZKLFKSURYHGWREHVXEKRUL]RQWDOIRU
WKHPDMRULW\RIWKHGDWD7KHSURFHGXUHRISDOHRVWUHVV
D[HVGHWHUPLQDWLRQLVH[HPSOL¿HGIRURQHIDXOWVOLSVHWLQ)LJ,QFDVHRIQRQVWULDWHGIDXOWV
RUWHQVLRQJDVKHVWKH³%LVHFWRU0HWKRG´>8VWDV]HZVNLHWDOD@ZDVDSSOLHGIRUGHULYLQJ
WKHSDOHRVWUHVVD[HV
7KHWHFWRQLFUHJLPHZDVLQIHUUHGIURPWKHRULHQWDWLRQVRIWKHSULQFLSDOVWUHVVD[HVDQG
WKHGLVWULEXWLRQRI3DQG7D[HV7KHUHE\ZHGLVWLQJXLVKHGEHWZHHQUHYHUVHIDXOWLQJRU
D
E
F
G
GDWDVHWV 
VWULNH RI VRXWKHUQ
PRVW &DTXHUHOOH
$QWLFOLQH
)LJ  VFKHPDWLF EORFN GLDJUDP
LOOXVWUDWLQJ WKH GHIRUPDWLRQ VHTXHQFH DV
REVHUYHGLQ)LJDEHGGHGOLPHVWRQHV
GLVVHFWHGE\11(RULHQWHGNDUVW¿VVXUHV
ZKLFKRULJLQDWHGDV3DOHRJHQHMRLQWVE
VLQLVWUDO UHDFWLYDWLRQRI WKHNDUVW¿VVXUHV
XQGHU FRPSUHVVLRQ F ÀH[XUDOVOLS
IROGLQJSDUWLDOO\RIIVHWVWKH¿VVXUHVDORQJ
EHGGLQJSDUDOOHO VOLS SODQHV EXW VWULNH
VOLSIDXOWLQJFRQWLQXHVWRDOHVVHUH[WHQW
G VWHUHRJUDSKLF UHSUHVHQWDWLRQ RI GDWD
FROOHFWHGDWWKHRXWFURSRI)LJ

&KDSWHU
WKUXVWLQJıKRUL]RQWDOıYHUWLFDOZHOOGH¿QHGFOXVWHUVRIERWK3DQG7D[HVVWULNH
VOLSIDXOWLQJıKRUL]RQWDOıKRUL]RQWDOZHOOGH¿QHGFOXVWHUVRIERWK3DQG7D[HV
WUDQVSUHVVLRQıKRUL]RQWDODQGZHOOGH¿QHGFOXVWHURI3D[HVıDQGıSRRUO\GH¿QHG
JUHDWFLUFOHGLVWULEXWLRQRI%DQG7D[HVH[WHQVLRQıYHUWLFDOıKRUL]RQWDO,QFDVH
RI VPDOO GDWDVHWV  RU OHVV GDWDVHWV QR FODVVL¿FDWLRQ RI WKH WHFWRQLF UHJLPHZDVPDGH
7KHD]LPXWKVRIıDQGıGH¿QHZKDWZHZLOO UHIHU WRDV³VKRUWHQLQJ´DQG³H[WHQVLRQ´
GLUHFWLRQVZKHQDQDO\]LQJWKHVHGLUHFWLRQVLQPDSYLHZ7KHSULQFLSDOVWUHVVD[HVGHWHUPLQHG
DWHDFKVLWHDUHVXPPDUL]HGLQ)LJDQG7DEOH7KHGDWDVHWVDUHVRUWHGIURPZHVWWRHDVW
6KRUWHQLQJGLUHFWLRQVZHUHSORWWHGDVFRQYHUJLQJDUURZVDWWKHFRUUHVSRQGLQJVLWHVLQ)LJ
)LJDOVRLQFOXGHVGDWDVHWVIURPWKHOLWHUDWXUH>3KLOLSSH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3OLRFHQHWRUHFHQWGHIRUPDWLRQVLQWKLVDUHD7KHVWUDWLJUDSKLFDJHRIWKHJUDYHOVGHWHUPLQHG
E\PDPPDOVWUDWLJUDSK\UDQJHVEHWZHHQDQG0D>3HWLWHWDO@
$OWKRXJKJHQWO\IROGHG>*LDPERQLHWDO@DQGORFDOO\IDXOWHGVXFKDVDWORFDOLW\
OLVWHGLQWDEOHVHHDOVR8VWDV]HZVNLHWDO>E@ZHLQWHUSUHWWKHGHSRVLWLRQRIWKH
6XQGJDXJUDYHOVDVSRVWGDWLQJWKHIRUPDWLRQRIWKHWKLQVNLQQHG-XUDIROGDQGWKUXVWEHOW
EDVHGRQDOOGDWDDQGREVHUYDWLRQVDYDLODEOHVRIDU7KHFXUUHQWH[WHQWRIWKH6XQGJDXJUDYHOV
LVFOHDUO\OLPLWHGWRDQDUHDLQWKHQRUWKHUQSDUWRIWKH7DEXODU-XUDRIWKH$MRLHDUHDDQGWKH
VRXWKHUQSDUWRI WKH85*ZKHUH WKH\DUH IRXQG LPPHGLDWHO\DGMDFHQW WR WKH IURQWRI WKH
)HUUHWWHDQWLFOLQH)LJ+RZHYHUQRVXFKJUDYHOVDUHIRXQGDERYHWKH)HUUHWWHDQWLFOLQH
>*LDPERQL HW DO @ RU DERYH WKH GHWDFKHG0HVR]RLF RI WKH -XUD IROG DQG WKUXVW EHOW
LQJHQHUDO7KLVVXJJHVWVWKDWWKHJUDYHOVZHUHQHYHUGHSRVLWHGLQWKHDUHDRIWKHGHWDFKHG
0HVR]RLFLQWKH¿UVWSODFHRUDOWHUQDWLYHO\WKDWWKH\ZHUHHURGHGODWHURQDQGFRQFRPLWDQW
ZLWKWKHIRUPDWLRQRIWKH)HUUHWWHDQWLFOLQH:HJLYHFOHDUSUHIHUHQFHWRWKH¿UVWK\SRWKHVLV
DFFRUGLQJWRZKLFKDWRSRJUDSKLFVZHOOSURYLGHGE\WKHIURQWRIWKHGHWDFKHG0HVR]RLFLH
WKHSUHH[LVWLQJ)HUUHWWHDQWLFOLQHZRXOGKDYHSUHYHQWHGGHSRVLWLRQRIWKH6XQGJDXJUDYHOV
LQWKHDUHDRIWKHGHWDFKHG0HVR]RLFLQGLFDWLQJWKDWWKH)HUUHWWHDQWLFOLQHDOUHDG\H[LVWHGDV
DWRSRJUDSKLFIHDWXUH+HQFHWKHIRUPDWLRQRIWKHFODVVLFDOWKLQVNLQQHG-XUDIROGDQGWKUXVW
EHOWLQJHQHUDOSUREDEO\SUHGDWHVWKHRQVHWRIGHSRVLWLRQRIWKHVHJUDYHOVDW0DDJR7KLV
ZRXOGEHLQSHUIHFWDJUHHPHQWZLWKWKHFRQVWUDLQWVDYDLODEOHIRUWKHPRUHLQWHUQDOSDUWVRI
WKH)ROGHG-XUDGLVFXVVHGDERYH7KHDOWHUQDWLYHK\SRWKHVLVLVUHMHFWHGEHFDXVHZHZRXOG
H[SHFW WKDW3OHLVWRFHQHGHSRVLWV IRXQGDORQJ WKHQRUWKHUQ VORSHVRI WKH)HUUHWWH DQWLFOLQH
FRQVWLWXWLQJLWVHURVLRQDOYHQHHUFRQWDLQDODUJHDPRXQWRI$OSLQHGHULYHGPDWHULDOW\SLFDO
IRUWKH6XQGJDXJUDYHOV>7KpREDOGHWDO/LQLJHU5XKODQGHWDO@WRJHWKHU
ZLWK WKH ORFDOO\GHULYHGPDWHULDORI -XUDVVLFDJH7KLV LVFOHDUO\QRW WKHFDVHDV WKHVORSH
GHSRVLWV DORQJ WKH )HUUHWWH DQWLFOLQH FRQWDLQ H[FOXVLYHO\ ORFDOO\ GHULYHG -XUDVVLFPDWHULDO
DQG GH¿QLWHO\ QR HURGHG DQG UHGHSRVLWHG 6XQGJDX JUDYHOV >6FKQHHJDQV HW DO @ ,Q
VXPPDU\LWLVFRQFOXGHGWKDWWKHELRVWUDWLJUDSKLFDJHRIWKH6XQGJDXJUDYHOV>3HWLWHWDO
@SURYLGHVDORZHUWLPHEUDFNHWIRUWKLQVNLQQHG-XUDIROGLQJDQGWKUXVWLQJWKDWHQGHG
VRPH0DDJR

&KDSWHU
7KH IDXOW VHWVZHFROOHFWHGZLWKLQ WKHGHWDFKHG0HVR]RLF LQFOXGH VWULDWHGSHEEOHV
DQGVPDOOVFDOHUHYHUVHIDXOWVREVHUYHGZLWKLQWKH³-XUDQDJHOÀXK´)RUPDWLRQIRXQGEHQHDWK
DQGLQIURQWRIWKHIURQWDO-XUDWKUXVWZKHUHWKH7ULDVVLFGpFROOHPHQWHPHUJHVWRWKHVXUIDFH
GDWDVHW  LQ )LJV   DQG7DEOH  &RQVHTXHQWO\ WKH IDXOWVOLS VHWV FROOHFWHG LQ WKH
)ROGHG -XUD GRPDLQ DQG SUHVHQWHG LQ WKLVZRUN DUH FRQVLGHUHG WR KDYH SUREDEO\ IRUPHG
EHWZHHQVRPH0D0DLQWKHQRUWKDQGVRPH0DDJR
,Q WKHDXWRFKWKRQRXV0HVR]RLFDQG WKHDUHDRI WKH85*)LJ LW LVQRWHDV\ WR
GHFLGHDVWRZKHQWKHPHDVXUHGIDXOWVHWVIRUPHGVLQFHWKLVDUHDLVFOHDUO\DOVRDIIHFWHGE\
SRVW0DWKLFNVNLQQHGGHIRUPDWLRQ>*LDPERQLHWDO8VWDV]HZVNLHWDOE@
VXJJHVWLQJIXUWKHUQRUWKZDUGSURSDJDWLRQRIVKRUWHQLQJ2QO\LQRQHFDVHFRXOGGDWDKDYH
EHHQREWDLQHGZLWKLQWKHYHU\SRRUO\RXWFURSSLQJ6XQGJDXJUDYHOVORFDOLW\LQ)LJ,W
LVOLNHO\WKDWWKHIDXOWVOLSGDWDIRXQGLQWKHLPPHGLDWHIRUHODQGRIWKHIURQWDO-XUDWKUXVWFDQ
EHDWWULEXWHGWRKRUL]RQWDOIDU¿HOGVWUHVVHVH[HUWHGE\WKHQDVFHQWWKLQVNLQQHG-XUDEHOWRQWR
LWVDXWRFKWKRQRXVIRUHODQGEHIRUHVRPH0DDJR2QWKHRWKHUKDQGWKHSDOHRVWUHVVGDWD
REWDLQHGRQIDXOWVHWVIRUPHGGXULQJWKHIRUPDWLRQRIWKHWZRHQpFKHORQDOLJQHGDQWLFOLQHV
DWWKH7DEXODU-XUD±85*ERXQGDU\³)´DQG³5´LQ)LJDWWULEXWHGWRSRVW/DWH3OLRFHQH
VKRUWHQLQJ DQG FRHYDO ZLWK WKH IROGLQJ RI WKH 6XQGJDX JUDYHOV >*LDPERQL HW DO @
7KHVHGDWDGRQRWVKRZVLJQL¿FDQWGHYLDWLRQVIURPWKRVHREWDLQHGIXUWKHUWRWKHVRXWK)LJ
 DQG1RWH DOVR WKDW WKHPD[LPXPKRUL]RQWDO VWUHVVGLUHFWLRQVGHULYHG IURP LQVLWX
VWUHVVPHDVXUHPHQWVDUH ODUJHO\ LGHQWLFDOZLWK WKRVHGHULYHGIURPWKHSDOHRVWUHVVDQDO\VLV
ZLWKLQERWKWKH)ROGHGDQG7DEXODU-XUD)LJ,W LV WKHUHIRUHFRQFOXGHGWKDWQRPDMRU
FKDQJHRIWKHVWUHVV¿HOGGLGRFFXUDIWHUVRPH0DDJRLHDIWHUWKHRQVHWRIWKLFNVNLQQHG
GHIRUPDWLRQRIWKHDXWRFKWKRQRXV0HVR]RLFDQGWKH7HUWLDU\GHSRVLWVRIWKH85*QRUWKRI
WKHWKLQVNLQQHG-XUDIROGDQGWKUXVWEHOW
,QIHUHQFHVIURPPDSYLHZDQGQHZO\FRQVWUXFWHGFURVVVHFWLRQV
7KH)HUUHWWHDQG/DQGVNURQDQWLFOLQHVLHWKHQRUWKHUQPRVWDQWLFOLQHVRIWKH)ROGHG
-XUDGHSLFWHGLQ)LJDEUXSWO\FKDQJHVWULNHE\VRPH7KHZHVWHUQ11(WUHQGLQJ
VHJPHQWV RI WKH WZR DQWLFOLQHV DUH RULHQWHG SDUDOOHO WR D SDLU RI SURPLQHQW :GLSSLQJ
3DOHRJHQHQRUPDOIDXOWVRIWKH85*ERWKRIWKHPGHOLPLWLQJKDOIJUDEHQV7KHJHRPHWU\RI
WKHVHKDOIJUDEHQVFDQEHLQIHUUHGIURPWKH%DVH7HUWLDU\VXUIDFHFRQWRXUVVKRZQLQ)LJ
FRQVWUXFWHGIURPUHÀHFWLRQVHLVPLFOLQHVDQGZHOOGDWD>8VWDV]HZVNL@
7ZRERUHKROHVZKRVHORFDWLRQLVLQGLFDWHGLQ)LJSURYLGHHYLGHQFHWKDW0HVR]RLF
VHGLPHQWV RI WKH QRUWKHUQ OLPE RI WKH )HUUHWWH DQWLFOLQH RYHUWKUXVWHG 3DOHRJHQH V\QULIW
GHSRVLWVRIWKH85*DVGHSLFWHGLQ)LJD7KH11(WUHQGLQJSDUWRIWKH)HUUHWWHDQWLFOLQH
H[SRVHV/RZHUWR0LG-XUDVVLFVHGLPHQWVLQLWVFRUH7KHHQWLUHZHVWHUQSDUWRIWKH)HUUHWWH
-XUDLVGLVVHFWHGE\DGHQVHDUUD\RIWHDUIDXOWVWKDWWUHQGDWDQJOHVRI±WRWKHVWULNHRI
WKHDQWLFOLQH6HYHUDODQWLFOLQHVDSSHDUVLQLVWUDOO\GUDJJHGDORQJWKHVH11(RULHQWHGIDXOWV

*HRPHWU\DQGNLQHPDWLFVLQWKHQRUWKHUQ-XUDIROGDQGWKUXVWEHOW
$WWKHQRUWKHUQPRVWWLSZKHUHWKHDQWLFOLQHDEUXSWO\VZD\VLQWRDQ(6(RULHQWDWLRQ
DPLQRU WRSWRWKH6 EDFNWKUXVW GHOLPLWV D WUDQVSUHVVLYH SRSXS VHH SUR¿OH LQ )LJ E
7RZDUGVWKH(6(WKHDPSOLWXGHRIWKH)HUUHWWHDQWLFOLQHSURJUHVVLYHO\GLPLQLVKHVXQWLOWKH
JHQWO\IROGHG0HVR]RLFVWUDWDSOXQJHEHQHDWK3DOHRJHQHV\QULIWVHGLPHQWVRIWKH7HUWLDU\¿OO
RIWKH$OOVFKZLOKDOIJUDEHQORFDWHGEHWZHHQWKH)HUUHWWHDQG/DQGVNURQDQWLFOLQHV)LJ
7KHDVVRFLDWHGD[LDOSOXQJHRIWKH)HUUHWWHDQWLFOLQHWRZDUGV(LVDJDLQDIHDWXUHLQKHULWHG
IURPULIWLQJVLQFHWKHSUHULIW0HVR]RLFVHGLPHQWVRULJLQDOO\LHEHIRUHWKHIRUPDWLRQRIWKH
)HUUHWWHIROGJHQWO\GLSSHGWRZDUGVWKH(ZLWKLQWKH$OOVFKZLOKDOIJUDEHQ
7KH IRXU FURVVVHFWLRQV DFURVV WKH )HUUHWWH -XUD GHSLFWHG LQ )LJ  URXJKO\ WUHQG
SDUDOOHO WR WKHVKRUWHQLQJGLUHFWLRQVGHULYHGIURPWKHIDXOWVOLSGDWDDQDO\VLV$W WKHVDPH
WLPHWKH\DUHQRWHYHU\ZKHUHSHUSHQGLFXODUWRWKHPDFURVWUXFWXUHVWKH\WUDYHUVH3DUWLFXODUO\
FURVVVHFWLRQV¶LVRULHQWHGREOLTXHO\WRWKHVWUXFWXUDOJUDLQ)LJ&URVVVHFWLRQV¶
DQG¶)LJDEZHUHFRQVWUXFWHGXVLQJH[LVWLQJJHRORJLFDOPDSV>6FKQHHJDQVHWDO
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UHYHUVH IDXOW  WKUXVW
VWULNHVOLS RU WHDU IDXOW
IDXOW XQGLIIHUHQWLDWHG
WKLFNVNLQQHG
UHYHUVH IDXOW
RLO ZHOO 3DOHRJHQH
RYHUWKUXVWHG E\ 0HVR]RLF
VKRUWHQLQJ GLUHFWLRQ
7HUWLDU\ XQGLII %DVH 7HUWLDU\ FRQWRXUV
P DERYHEHORZ VHD OHYHO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7ULDVVLF  $DOHQLDQ
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)LJJHRORJLFWHFWRQLFPDSRIWKHQRUWKHUQPRVW)ROGHG-XUD7KHIURQWDO)HUUHWWHDQG/DQGVNURQDQWLFOLQHV
FKDQJHWKHLUWUHQGE\VRPHDORQJVWULNH7KHLUZHVWHUQVHJPHQWVDUHSDUDOOHOWRDQGSDUWO\RYHUWKUXVW
3DOHRJHQHKDOIJUDEHQV7KHVKRUWHQLQJGLUHFWLRQVFRQYHUJLQJDUURZVWHQGWRVZD\IURPD11:LQWRD1WR
11(RULHQWDWLRQDORQJVWULNHIURP:WR(/DEHOLQJRIDQWLFOLQHVDQGIDXOWVFRUUHVSRQGVWR)LJ
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)LJ  FURVVVHFWLRQV DFURVV WKH )HUUHWWH -XUD FRQVWUXFWHG URXJKO\ SDUDOOHO WR WKH VKRUWHQLQJ
GLUHFWLRQVGHULYHGLQWKLVVWXG\)LJVDQG6HH)LJIRUORFDWLRQRIWKHVHFWLRQV

*HRPHWU\DQGNLQHPDWLFVLQWKHQRUWKHUQ-XUDIROGDQGWKUXVWEHOW
'LHEROGHWDO/LQLJHU5XKODQGHWDO'DQQHFNHU@ZHOOORJV
>6FKQHHJDQVDQG7KpREDOG@DQGVWUXFWXUDOGDWDFROOHFWHGE\'DQQHFNHU>@DQGLQ
WKHFRXUVHRIWKLVVWXG\&URVVVHFWLRQV¶DQG¶)LJFGKDYHEHHQPRGL¿HGDIWHU
5XKODQGHWDO>@DQG)LVFKHU>@UHVSHFWLYHO\&URVVVHFWLRQ¶)LJLVSDUWRI
DPLJUDWHGUHÀHFWLRQVHLVPLFSUR¿OHVKRWE\(QWHUSULVH2LOLQ
$V LV REYLRXV IURP LQVSHFWLRQ RI )LJ  WKHZHVWHUQ11(WUHQGLQJ VHJPHQW RI
WKH)HUUHWWHDQWLFOLQHLVORFDWHGDERYHDQREOLTXHUDPSWKDWQXFOHDWHGDERYHWKHVWHHSO\:
GLSSLQJ 3DOHRJHQH )HUUHWWH QRUPDO IDXOW ERXQGLQJ WKH )HUUHWWH KDOIJUDEHQ7KLV JUDEHQ
ERXQGLQJ QRUPDO IDXOWZDV RYHUWKUXVWHG E\ WKH DGYDQFLQJ -XUD IURQW DV LV HYLGHQFHG E\
ERUHKROHV>6FKQHHJDQVDQG7KpREDOG@)XUWKHUPRUHVHYHUDOVLQLVWUDOVWULNHVOLSIDXOWV
DORQJZKLFKRXWRISODQHPRYHPHQWVRFFXUUHGWUDYHUVHWKRVHWZRFURVVVHFWLRQV
&URVVVHFWLRQ¶)LJEWUDYHUVHVWKH)HUUHWWHDQWLFOLQHDWWKHSRLQWZKHUHLWV
VWULNHFKDQJHVIURPD11(WUHQGLQWRDQ(6(RULHQWDWLRQ7KLVSRVLWLRQPDUNVWKHWUDQVLWLRQ
IURPWKHVLQLVWUDOREOLTXHUDPSWRDIURQWDOUDPS7KLVFURVVVHFWLRQDOVRWUDYHUVHVWKHZHVWHUQ
HQGRIDQDQWLFOLQHORFDWHGVRXWKRIWKH)HUUHWWHIROGWKH*ODVHUEHUJDQWLFOLQH³*´LQ)LJ
1RWH WKDW WKH1 OLPE RI WKLV JHQWOH DQWLFOLQH LV FRQVLGHUDEO\ VWHHSHU WKDQ LWV 6 OLPE
DQG WKDW WKHÀDWO\LQJ0HVR]RLF VWUDWD1 RI WKLV DQWLFOLQH DUH IRXQG DW D UHODWLYHO\ ORZHU
HOHYDWLRQ1RI WKLV DQWLFOLQH7KLV VXJJHVWV WKDW WKH*ODVHUEHUJ DQWLFOLQH QXFOHDWHG DERYH
D SUHH[LVWLQJ(:VWULNLQJ EDVHPHQW VWHS WKDWZDV DVVRFLDWHGZLWK H[WHQVLRQDO ÀH[XULQJ
RI WKH0HVR]RLF VWUDWD 6XFK ( WR (1(WUHQGLQJ H[WHQVLRQDO ÀH[XUHV RI 3DOHRJHQH DJH
DUHW\SLFDORIWKHVRXWKHUQHQGRIWKH85*>8VWDV]HZVNLHWDOD@7KH\ZHUHVWXGLHG
LQGHWDLODWWKHQRUWKHUQHGJHRIWKH7DEXODU-XUDLQWKH$MRLHWKH)ORULPRQWDQG5pFKpV\
DQWLFOLQHVLQGLFDWHGLQ)LJV	7KHLUHQpFKHORQDOLJQPHQWKDVUHVXOWHGIURPVLQLVWUDO
WUDQVWHQVLYHVWULNHVOLSIDXOWLQJGXULQJWKH3DOHRJHQHDORQJSUHH[LVWLQJ/DWH3DOHR]RLF(1(
WUHQGLQJEDVHPHQW IDXOWVXQGHUO\LQJ WKHÀH[XUHV >8VWDV]HZVNLHWDODE@1RWH
WKDWWKH*ODVHUEHUJDQG%ODXHQDQWLFOLQHVDVZHOODVWZRPLQRUÀH[XUHVLQWKHDXWRFKWKRQRXV
0HVR]RLF LPPHGLDWHO\: RI WKH*ODVHUEHUJ DQWLFOLQH DUH DOVR DOLJQHG HQpFKHORQ )LJV
DQG7KHVHHQpFKHORQÀH[XUHVRULJLQDOO\ IRUPHGDV3DOHRJHQHH[WHQVLRQDOÀH[XUHV
UHODWHG WR VLQLVWUDO WUDQVWHQVLRQ DERYH EDVHPHQW IDXOWV ,Q WKH FDVH RI WKH*ODVHUEHUJ DQG
%ODXHQDQWLFOLQHV WKHVHSUHH[LVWLQJÀH[XUHVFRQWUROOHG WKHQXFOHDWLRQRIDQWLFOLQHVGXULQJ
WKHGpFROOHPHQWRIWKHGHWDFKHG0HVR]RLFFRYHU)LJEHIRUHVRPH0DDJRZKLOH
LQWKHFDVHRIWKHYHU\JHQWOH)ORULPRQWDQG5pFKpV\IROGVWKHDVVRFLDWHGGLVFUHWHEDVHPHQW
VWHSVZHUHFRPSUHVVLYHO\UHDFWLYDWHGLQ/DWH3OLRFHQHWRUHFHQWWLPHV>*LDPERQLHWDO
8VWDV]HZVNLHWDOE@7UDQVSUHVVLYHGHIRUPDWLRQDORQJWKHZHVWHUQ11(WUHQGLQJSDUW
RIWKH)HUUHWWHDQWLFOLQHZHOOGRFXPHQWHGE\WKHIDXOWVOLSGDWD)LJVDQGLPSOLHVWKDW
PRYHPHQWVPXVWDOVRKDYHRFFXUUHGLQDQGRXWRIWKHSODQHRIFURVVVHFWLRQV¶DQG¶
)LJDE+HQFHWKHVKRUWHQLQJHH GOOGO OOHVWLPDWHGIRUDOO¿YHFURVVVHFWLRQV
E\FRPSDULQJGHIRUPHGODQGUHVWRUHGOHQJWKVORIPDUNHUKRUL]RQVGRHVQRWWDNHLQWR
DFFRXQWKRUL]RQWDOVKRUWHQLQJFDXVHGE\RXWRISODQHGH[WUDOVWULNHVOLSGLVSODFHPHQWVDQG

&KDSWHU
KHQFHXQGHUHVWLPDWHVWKHDPRXQWRIVKRUWHQLQJLQDGLUHFWLRQSDUDOOHOWRWKHVHWZRVHFWLRQV
%HGOHQJWKVZHUHPHDVXUHGEHWZHHQWKHQRUWKHUQPRVWRFFXUUHQFHVRI0HVR]RLFVHGLPHQWV
DQGWKHKRUL]RQWDOO\OD\HUHGVHGLPHQWV6RIWKH*ODVHUEHUJDQWLFOLQHVHHSLQSRLQWVJLYHQLQ
)LJ,QFURVVVHFWLRQ¶VHLVPLFVHFWLRQRI)LJWKHYHUWLFDOVFDOHURXJKO\HTXDOV
WKHKRUL]RQWDOVFDOHZLWKLQWKH0HVR]RLFVHGLPHQWV,WZDVWKXVDGPLVVLEOHWRFRPSDUHWKH
GHIRUPHGDQGUHVWRUHGOHQJWKRI WKHZHOOYLVLEOH³'´UHÀHFWRUDWDGHSWKRIFV7:7
LQWKHVRXWKHUQSDUWRIWKHVHFWLRQ6KRUWHQLQJLQVHFWLRQ¶LVLQWKHRUGHURI&URVV
VHFWLRQ¶UHYHDOVDVKRUWHQLQJRIEHIRUHGHFUHDVLQJWRDQGLQVHFWLRQV¶
DQG¶ UHVSHFWLYHO\+HQFH WKHJUHDWHVW DPRXQWRIZLWKLQSODQH VKRUWHQLQJ LV DFKLHYHG
DORQJVHFWLRQ¶7KHFRPSRQHQWRIVKRUWHQLQJUHODWHGWRWKHIRUPDWLRQRIWKH*ODVHUEHUJ
DQWLFOLQHHVVHQWLDOO\UHPDLQVFRQVWDQWLQVHFWLRQV¶WR¶+HQFHWKHGLIIHUHQFHVLQWKH
DPRXQWRI WRWDO LQSODQHVKRUWHQLQJ UHJDUGLQJVHFWLRQV¶ WR¶DUHHQWLUHO\GXH WR WKH
FKDQJLQJ JHRPHWU\ RI WKH IURQWDO )HUUHWWH DQWLFOLQH7KHZHVWZDUGV LQFUHDVLQJ DPRXQW RI
VKRUWHQLQJDOVR¿QGVLWVH[SUHVVLRQLQPDSYLHZLQWKDWWKHROGHVWRXWFURSSLQJVHGLPHQWVLQ
WKH)HUUHWWHDQWLFOLQH$DOHQLDQVKDOHVFURSRXWRQO\LQWKHZHVW)LJ1RWHDOVRWKDWWKH
JHQWOH)HUUHWWHDQWLFOLQHLQWKH(ODWHUDOO\WUDQVIRUPVLQWRDIURQWDOWKUXVWVRPHNP(RI
WKHQRUWKHUQPRVWWLSRIWKH)HUUHWWH-XUDVHH)LJVEG
$WWKHQRUWKHUQHGJHRIVHFWLRQ¶ZKHUHVKRUWHQLQJDFFRPPRGDWHGE\WKH)HUUHWWH
DQWLFOLQH LVYHU\PLQRU)LJGDQGZKHUH WKH0HVR]RLFVWUDWDGH¿QLQJ WKLVJHQWOH IROG
GLS EHQHDWK WKH V\QULIW VHGLPHQWV RI WKH 3DOHRJHQH$OOVFKZLO JUDEHQ )LJ  D VWHHSO\
1GLSSLQJ WRSWRWKH6 UHYHUVH IDXOW WUXQFDWHV WKH1OLPERI WKH DQWLFOLQH7KH UHÀHFWLRQ
VHLVPLFOLQHVLWXDWHGIXUWKHUHDVWFURVVVHFWLRQ¶RI)LJVKRZVWKHFRQWLQXDWLRQRIWKLV
VWUXFWXUHEHQHDWKWKH3DOHRJHQHV\QULIW¿OORIWKH85*7KHVHLVPLFFURVVVHFWLRQUHYHDOVDQ
H[WHQVLRQDOÀH[XUHLQWKH0HVR]RLFVWUDWDRQODSSHGE\V\QULIWVHGLPHQWVRI3DOHRJHQHDJH
DVLQIHUUHGIURPWKH6ZDUGWDSHULQJZHGJHEHWZHHQWKHUHÀHFWRUVPDUNHG³$´DQG³5´LQ
)LJ7KHÀH[XUHVLWVDERYHDQ(:WUHQGLQJ1GLSSLQJKLJKDQJOHEDVHPHQWIDXOWRI
ODWH3DOHR]RLFRULJLQDQGUHDFWLYDWHGD¿UVWWLPHGXULQJ3DOHRJHQHULIWLQJ>8VWDV]HZVNLHWDO
D@+RZHYHUWKLVVDPHEDVHPHQWIDXOWZDVUHDFWLYDWHGDVHFRQGWLPHLQFRPSUHVVLRQDV
LVLQIHUUHGIURPWKHVWHHSO\1GLSSLQJWRSWRWKH6UHYHUVHIDXOWWKDWWUXQFDWHGWKHV\QULIW¿OO
DQGWKDWDOPRVWUHDFKHVWRWKHVXUIDFH6LQFHWKLVIDXOWFOHDUO\FXWVWKURXJKWKHGpFROOHPHQW
KRUL]RQLWPRVWSUREDEO\IRUPHGGXULQJWKHWKLFNVNLQQHGSRVW0DVWDJH6LPLODUIHDWXUHV
ZHUHREVHUYHGHOVHZKHUH>*LDPERQLHWDO8VWDV]HZVNLHWDOE@,WLVLPSRUWDQW
WRQRWHWKDWWKHSRVLWLRQRIWKLVWRSWRWKH6UHYHUVHIDXOWFRLQFLGHVZLWKDQDQWLFOLQHGHWHFWHG
E\WKHIROGLQJRIWKHEDVHRIWKH6XQGJDXJUDYHOV>*LDPERQLHWDO8VWDV]HZVNLHWDO
E@ZKLFKSURYHVLWVSRVW/DWH3OLRFHQHDJHDQGLWVPRVWSUREDEO\WKLFNVNLQQHGRULJLQ
7KLV REVHUYDWLRQ FRQ¿UPV WKDW SUH0D -XUD GpFROOHPHQW WHFWRQLFV ZHUH IROORZHG E\
WKLFNVNLQQHGWHFWRQLFV
:KHQ FDOFXODWLQJ WKH DPRXQW RI ZLWKLQSODQH VKRUWHQLQJ DORQJ SUR¿OHV ¶ DQG
¶GHSLFWHGLQ)LJZHVXEWUDFWHGWKHVKRUWHQLQJGXHWRWKLVWKLFNVNLQQHGVWDJH7KLV

*HRPHWU\DQGNLQHPDWLFVLQWKHQRUWKHUQ-XUDIROGDQGWKUXVWEHOW
DOORZVGLVFXVVLQJWKHGLYHUJLQJVKRUWHQLQJGLUHFWLRQVREVHUYHGLQWKHDUHDRIWKH)HUUHWWHDQG
/DQGVNURQDQWLFOLQHVDQGSRVVLEO\DVVRFLDWHGURWDWLRQVGXULQJWKHWKLQVNLQQHGVWDJHRI-XUD
IROGLQJDVLVSUHVHQWHGEHORZ
'LVFXVVLRQ
:K\GRVKRUWHQLQJGLUHFWLRQVIDQWRZDUGV1DWWKH-XUDIURQW"
7KH VKRUWHQLQJ GLUHFWLRQV LQ WKH VWXG\ DUHD REWDLQHG IURPSDOHRVWUHVV DQDO\VLV RI
IDXOWVOLS GDWD DERYH DUH FRQVLVWHQWO\ 11: WR 11(RULHQWHG ,Q JHQHUDO WKLV FRQ¿UPV
HDUOLHUVWXGLHVRQDODUJHUVFDOH>3OHVVPDQQ0HLHU3KLOLSSH@2XUVWXG\
KRZHYHU UHYHDOV D JHQWOH IDQQLQJ RI WKH VKRUWHQLQJ GLUHFWLRQV WRZDUGV1 SDUWLFXODUO\ DW
WKH IURQWDO )HUUHWWH DQG /DQGVNURQ DQWLFOLQHV 0RUHRYHU VHYHUDO 11(66:WUHQGLQJ
WUDQVSUHVVLRQDODQWLFOLQHVHJPHQWVVXFKDVWKHZHVWHUQSDUWVRIWKH)HUUHWWHDQG/DQGVNURQ
DVZHOODV WKHHQWLUH&DTXHUHOOHDQWLFOLQH)LJVKRZDSURQRXQFHGREOLTXLW\EHWZHHQ
WKH VWUXFWXUDOJUDLQDQG WKH VKRUWHQLQJGLUHFWLRQV )LJVDQG7KLV FOHDUO\ VXJJHVWV
WKHLURULJLQDVUDPSDQWLFOLQHVDERYHVLQLVWUDOREOLTXHUDPSV,QDGGLWLRQWKHVKRUWHQLQJLQ
WKHIURQWDO)HUUHWWHDQWLFOLQHLQFUHDVHVDORQJVWULNHIURP(WR:)LJVDQG+RZHYHU
WUDQVSUHVVLRQDOGHIRUPDWLRQDFURVVWKH11(WUHQGLQJREOLTXHUDPSVHJPHQWRIWKLVDQWLFOLQH
LPSOLHV WKDW ZLWKLQSODQH VKRUWHQLQJ GHGXFHG IURP FURVVVHFWLRQV RI DQ\ RULHQWDWLRQ
XQGHUHVWLPDWHVWKHWRWDOVKRUWHQLQJ,QWKHIROORZLQJZHIXUWKHUDQDO\]HWKH1ZDUGIDQQLQJ
"
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)LJ  16WUHQGLQJ LQGXVWU\W\SH UHÀHFWLRQ VHLVPLF OLQH WUDYHUVLQJ D FRPSUHVVLYHO\ UHDFWLYDWHG 3DOHRJHQH
H[WHQVLRQDOÀH[XUH)RUORFDWLRQVHH)LJ6HLVPLFGDWDLVWKHFRXUWHV\RI(QWHUSULVH2LO

&KDSWHU
RI VKRUWHQLQJ GLUHFWLRQV LQ FRQMXQFWLRQZLWK WKH REVHUYHG:ZDUG LQFUHDVH RI VKRUWHQLQJ
DFURVVWKHIURQWDO)HUUHWWHDQWLFOLQHLQRUGHUWRGLVFXVVWKHUROHRISRVVLEOHEORFNURWDWLRQV
DURXQGYHUWLFDOD[HVGXULQJGpFROOHPHQW
)LUVWO\ZHDWWHPSWWRHVWLPDWHWKHVWULNHVOLSFRPSRQHQWDORQJWKHREOLTXHUDPS7R
RYHUFRPHWKHODFNRIVXLWDEOHPDUNHUVZHDVVXPHWKDW WKHWRWDOVKRUWHQLQJLQWKHREOLTXH
UDPS VHJPHQW RI WKH )HUUHWWH DQWLFOLQH LQ DQ 16GLUHFWLRQ FDQ EH SDUWLWLRQHG LQWR D
FRPSRQHQWSHUSHQGLFXODUWRWKHREOLTXHUDPSDQGDVWULNHVOLSFRPSRQHQWSDUDOOHOWRLW)LJ
DVKRZVWKHVKRUWHQLQJDPRXQWVGHULYHGIURPWKHFURVVVHFWLRQVDVEODFNDUURZVSORWWHG
RQWRWKHWUDLOLQJ VRXWKHUQHQGVRIWKHFURVVVHFWLRQWUDFHV7KHDUURZVOHQJWKVDUHGUDZQ
WRVFDOH$Q(:WUHQGLQJUHIHUHQFHOLQHZDVGUDZQVRXWKRIWKH)HUUHWWHDQWLFOLQH1H[WWKH
VKRUWHQLQJDPRXQWVLQWKHVHFWLRQVZLWKQRRXWRIVHFWLRQVPRYHPHQWV¶WR¶ZHUH
SORWWHGDWWKHLQWHUVHFWLRQVRIWKLVUHIHUHQFHOLQHZLWKWKHWUDFHVRIWKHFRUUHVSRQGLQJFURVV
VHFWLRQVEOXHDUURZVLQ)LJD7KHOHDGLQJHGJHVRIWKHVHDUURZVGH¿QHD:1:(6(
WUHQGLQJOLQH7KHLQWHUVHFWLRQEHWZHHQWKLVOLQHDQGWKH(:WUHQGLQJUHIHUHQFHOLQHGH¿QHV
D SRLQW RI ]HUR16VKRUWHQLQJ VLWXDWHG( RI FURVVVHFWLRQ ¶ RSHQ FLUFOH LQ )LJ D
$VVXPLQJ WKDW WKH VKRUWHQLQJ LQFUHDVHG OLQHDUO\ WRZDUGV: WKH WZRGLYHUJLQJ OLQHVZHUH
H[WUDSRODWHG:ZDUGXQWLOWKH\LQWHUVHFWHGZLWKWKHWUDFHRIWKH11(WUHQGLQJEDVHPHQWIDXOW
WKHQXFOHXVRIWKHREOLTXHUDPS7KLV\LHOGVWKHWRWDOVKRUWHQLQJRINPDWWKHQRUWKHUQWLS
RIWKH)HUUHWWHDQWLFOLQH FGDVKHGEOXHDUURZLQ)LJD7KHVWULNHVOLSFRPSRQHQWDORQJ
WKHREOLTXHUDPS EFDQQRZEHGHGXFHGIURP

7KLV\LHOGVE NPIRU UHGDUURZLQ)LJD7KH:ZDUGLQFUHDVHRIVKRUWHQLQJ
DFURVVWKH)HUUHWWHDQWLFOLQHQHFHVVLWDWHVDFORFNZLVHURWDWLRQRIWKHGHWDFKHGVHGLPHQWVRI
FDURXQGDYHUWLFDOD[LVORFDWHGDWWKHSROHRIQRVKRUWHQLQJRSHQFLUFOHLQ)LJD
3DOHRPDJQHWLFDOO\GHWHUPLQHGFORFNZLVHURWDWLRQVRIF6(RIWKH)HUUHWWH-XUD>*HKULQJ
HWDO@FRQ¿UPWKLVDVVXPSWLRQURWDWLRQSROHLQ)LJEIXUWKHULPSO\LQJWKDW WKH
GHWDFKHGVHGLPHQWVKDYHXQGHUJRQHURWDWLRQVRQDVWLOOODUJHUVFDOHEHWZHHQLQKHULWHG11(
WUHQGLQJREOLTXHUDPSV7KH1ZDUGIDQQLQJRIVKRUWHQLQJGLUHFWLRQVLQPDSYLHZWKHUHIRUH
UHÀHFWV WKHWUDQVLWLRQIURPSXUH16FRQYHUJHQFHLQWKHHDVWHUQ(:WUHQGLQJSDUWRI WKH
)HUUHWWHDQWLFOLQH WR VLQLVWUDO WUDQVSUHVVLRQDORQJ WKH11(RULHQWHGREOLTXH UDPSVHJPHQW
VFKHPDWLFVWUDLQHOOLSVHVLQ)LJE7KHIDQVKDSHRIVKRUWHQLQJGLUHFWLRQVZDVSRVVLEO\
HPSKDVL]HGE\DSDVVLYHFORFNZLVHURWDWLRQRIWKH³OHVVVKRUWHQHG´(SDUWRIWKHDQWLFOLQH
GXULQJGHWDFKPHQWDWDWLPHZKHQVKRUWHQLQJDORQJWKHREOLTXHUDPSVHJPHQWPD\VWLOOKDYH
EHHQDFWLYH7KLVVFHQDULRLVVXSSRUWHGE\SDOHRPDJQHWLFHYLGHQFH
,QVXPPDU\ZHSURSRVHWKHVFHQDULRIRUWKHIRUPDWLRQRIWKHIURQWDO-XUDDQWLFOLQHV
VNHWFKHGLQ)LJF$VWKHGHIRUPDWLRQIURQWDGYDQFHGWRZDUGVWKHIRUHODQGWKHGHWDFKHG
VHGLPHQWV HQFRXQWHUHG D 11(WUHQGLQJ 3DOHRJHQH EDVHPHQW IDXOW WKDW ZDV REOLTXHO\
RULHQWHGWRWKHGLVSODFHPHQWGLUHFWLRQODUJHZKLWHDUURZLQ)LJFDQGZKLFKKDGRIIVHW
WKH EDVDO 7ULDVVLF GpFROOHPHQW 7KH GHIRUPDWLRQ IURQW ( RI WKH 11(WUHQGLQJ IDXOW ZDV

*HRPHWU\DQGNLQHPDWLFVLQWKHQRUWKHUQ-XUDIROGDQGWKUXVWEHOW
VXFFHVVLYHO\ WUDQVIHUUHG WR WKH1
DORQJDVLQLVWUDOREOLTXHUDPSWKDW
IRUPHG DERYH WKLV GLVFRQWLQXLW\
7KLV OHG WR VLQLVWUDOO\ GUDJJHG
DQWLFOLQHFUHVWV)LJVEDQG
F6KRUWHQLQJFRQFHQWUDWHGDWWKH
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RINP%DVHGRQDSDWLWH¿VVLRQWUDFNGDWDNPRIXSOLIWDQGHURVLRQRIWKHHQWLUH6ZLVV
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QRUWKHUQ0RODVVH%DVLQPD\KDYHFDXVHGWKHVHGLPHQWDU\RYHUEXUGHQDQGWHPSHUDWXUHWR
IDOOEHQHDWKDFULWLFDOWKUHVKROGQHFHVVDU\WRNHHSLQWUDFU\VWDOOLQHJOLGHV\VWHPVLQWKHEDVDO
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-XUDZDVVLQLVWUDOO\WUDQVIHUUHGWRWKH1DUHFKDUDFWHUL]HGE\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9[RX[ ]X ]QN P[X`]Q XO ]QN ;ÁLQÁ\b JWM /UX[RVXW]
JW]RLURWN\ VX\] XO ]QN M[JRWJPN XO ]QN *SXRN \X^]Q XO ]QNV
`J\ MR[NL]NM WX[]Q`J[M JL[X\\ ]QN J[NJ XLL^YRNM Kb ]QN
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]QN J[NJ XO ]QN Y[N\NW]MJb ;ÁLQÁ\b JW]RLURWN `N\] XO ]QN
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;R_N[ UNM ]X JW NWUJ[PNVNW] XO ]QN LJ]LQVNW] J[NJ `QRLQ
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]N[VRWJ]RXW XO ]QN ;ÁLQÁ\b JW]RLURWN OR[\] JWM ]QNW ]QN
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JW]NLNMNW] [R_N[ =QN NWUJ[PNVNW] XO R]\ LJ]LQVNW] J[NJ
M^N ]X ]QN P[X`]Q XO ]QN ?NWMURWLX^[] JW]RLURWN UNM ]X JW
RWL[NJ\N RW \][NJV YX`N[ `QRLQ [N\^U]NM RW ]QN RWLR\RXW XO
J MNNY PX[PN `N\]N[W `J]N[ PJY RW 9[XORUN ++ RW /RP "
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XO ]QN /UX[RVXW] JW]RLURWN `J\ OX[VN[Ub XLL^YRNM Kb J
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NJ\]N[W YJ[] XO ]QN \X^]QN[W ;QRWNP[JKNW RWLU^MNM RW ]QN
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^YURO] XO ]QN JW]RLURWN\ RW ]QN WX[]QN[W *SXRN
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=QN ]NL]XWRL QR\]X[b XO ]QN J[NJ J] ]QN KX^WMJ[b KN]`NNW
]QN \X^]QN[W ;QRWNP[JKNW JWM =JK^UJ[ 3^[J O[XV 5J]N
.XLNWN ]X [NLNW] ]RVN\ LXVY[R\N\ OX^[ ]NL]XWRL NYR\XMN\
.JLQ XO ]QNV R\ LQJ[JL]N[R\NM Kb J YJ[]RL^UJ[ TRWNVJ]RL
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]QN +[N\\NP[JKNW 2UURN\ "   JWM ]XXT YUJLN ^WMN[
[NPRXWJUUb @7@.<.X[RNW]NM Na]NW\RXW O[XV 9[RJKXWR
JW ]X .J[Ub *Z^R]JWRJW ]RVN\ 2UURN\ "   =QN[NKb ]QN
\RWR\][JU ;QRWN+[N\\N =[JW\OX[V CXWN `QRLQ URWTNM ]QN
]`X P[JKNW\ OX[VNM JUXWP Y[NNaR\]RWP L[^\]JU MR\LXW]R
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P[JKNW ORUU JWM KJ\N XO 6RMMUN 6RXLNWN \NMRVNW]\
MXL^VNW]\ J M[J\]RL LQJWPN RW ]QN PNXMbWJVRL \N]]RWP
-^N ]X ]QN J[[R_JU XO ]QN WX[]Q`J[M VRP[J]RWP *UYRWN
OX[NK^UPN Y[N\^VJKUb RW .J[Ub 7NXPNWN ]RVN\ 5J^K\LQN[
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=QR\ R\ [NOUNL]NM RW J LQJWPN XO ]QN [NPRXWJU \][N\\ YJ]]N[W
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 Na]NW
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;J^KN 4ÍURW "" JWM /RP K JWM 3^[JWJPNUOU^Q
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\X^]QN[WVX\] YJ[] XO ]QN ;QRWNP[JKNW `QRLQ LXVY[R\N\
]QN -NUÁVXW] JWM 5J^ONW KJ\RW\ /RP  WX` KNLJVN
RW_XU_NM RW ]QN LUJ\\RLJU£ ]QRW\TRWWNM OXUMRWP JWM
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]QN WX[]QN[W NMPN XO ]QN ]QRW\TRWWNM `NMPN R\ `NUU
LXW\][JRWNM XWUb \X^]QNJ\] XO +J\NU RN J] ]QN KX^WMJ[b
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LXW]X^[RWP ]QN OXUMNM KJ\N XO ]QN 9URXLNWN P[J_NU *] UNJ\]
YJ[] XO ]QN \QX[]NWRWP RW ]QN /N[[N]]N JW]RLURWN QR]QN[]X
LXW\RMN[NM ]X QJ_N J Y^[NUb ]QRW\TRWWNM X[RPRW NP
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/RP  <TN]LQN\ XO ]QN N_XU^
]RXW XO ]QN WX[]QN[W *SXRN OUNa
^[JU OXUM\ MN_NUXYNM J] ]QN
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)DXOWUHDFWLYDWLRQLQEULWWOHYLVFRXVZUHQFKV\VWHPV
±G\QDPLFDOO\VFDOHGDQDORJXHPRGHOVDQGDSSOLFDWLRQWR
WKH5KLQH%UHVVH7UDQVIHU=RQH
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'HSWRI7HFWRQLFVDQG6WUXFWXUDO*HRORJ\)DFXOW\RI(DUWKDQG/LIH6FLHQFHV9ULMH8QLYHUVLWHLW'H
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SXEOLVKHGLQ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$QDORJXHH[SHULPHQWVRQREOLTXHULIWLQJDQGVXEVHTXHQWWUDQVSUHVVLRQDOUHDFWLYDWLRQ
ZHUH SHUIRUPHGZLWK WZROD\HU VODEV RI VDQG DQG VLOLFRQH ,Q WKLV EULWWOHYLVFRXV V\VWHP
WUDQVWHQVLRQDO DQG WUDQVSUHVVLRQDOZUHQFK IDXOWLQJZDV LQGXFHGE\PRYHPHQWV RI D EDVDO
ULJLG SODWH 7KH G\QDPLFDOO\ VFDOHG DQDORJXH PRGHOV DUH FRQIURQWHG ZLWK WKH VWUXFWXUDO
HYROXWLRQRIWKH5KLQH%UHVVH7UDQVIHU=RQH5%7=WKDWOLQNHG3DODHRJHQHULIWLQJLQWKH
8SSHU5KLQHDQG%UHVVH*UDEHQVDQGWKDWDSSHDUVWRKDYHEHHQWUDQVSUHVVLYHO\UHDFWLYDWHG
LQ1HRJHQHWRUHFHQWWLPHV)DXOWSDWWHUQVSURGXFHGLQWKHVDQGOD\HUDERYHWKHEDVDOVLOLFRQH
OD\HUDUHFRPSDUHGZLWKVWUXFWXUDOHOHPHQWV LQ WKHVHGLPHQWDU\FRYHU VHSDUDWHG IURP WKH
EDVHPHQWE\DQHYDSRULWLFGpFROOHPHQWOD\HU
,Q RUGHU WR LQYHVWLJDWH VWUDLQUDWH GHSHQGHQFH RI IDXOW UHDFWLYDWLRQ DQG JUDEHQ
LQYHUVLRQ WUDQVSUHVVLRQDO VKRUWHQLQJ ZDV SHUIRUPHG XQGHU GLIIHUHQW GLVSODFHPHQW UDWHV
([SHULPHQWDOUHVXOWVVXJJHVWWKDWWKHUHDFWLYDWLRQRISUHH[LVWLQJVWUXFWXUHVLQDEULWWOHFRYHU
DERYHDYLVFRXVGpFROOHPHQWLVVWURQJO\GHSHQGHQWRQWKHVWUDLQUDWHZLWKLQWKHYLVFRXVOD\HU
8QGHUORZWRLQWHUPHGLDWHGLVSODFHPHQWUDWHVFPKGHIRUPDWLRQFRQFHQWUDWHVZLWKLQ
WKHEDVDOYLVFRXVOD\HUDQGIRUPHUQRUPDOIDXOWVZLWKLQWKHFRYHUDUHQRWUHDFWLYDWHG7KH
UHDFWLYDWLRQDWKLJKHUGLVSODFHPHQWUDWHVFPKUHVXOWVLQDFRPSOHWHLQYHUVLRQRIJUDEHQ
VWUXFWXUHVZLWKLQWKHFRYHU2QJRLQJVKRUWHQLQJSURGXFHVOREHGWKUXVWIURQWVZKLFKFURVVFXW
SUHH[LVWLQJQRUPDOIDXOWV
/DWH3OLRFHQHWRUHFHQWHQpFKHORQDOLJQHGIROGVDQGLVRODWHGWKUXVWIDXOWVLQWKHFRYHU
RIWKH5%7=DUHDWWULEXWHGWRWKLFNVNLQQHGUHDFWLYDWLRQRIEDVHPHQWIDXOWV$FRPSDULVRQ
RIQDWXUDODQGH[SHULPHQWDOO\REWDLQHGVWUXFWXUHVVXJJHVWV WKDW IDXOW UHDFWLYDWLRQRFFXUUHG
XQGHUORZGLVSODFHPHQWUDWHVPPD7KLVUHVXOWVLQDORZPHFKDQLFDOFRXSOLQJEHWZHHQ
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EDVHPHQW DQG FRYHU LQ DUHDV ZLWK VLJQL¿FDQWO\ WKLFN GpFROOHPHQW OD\HUV SURYLGLQJ DQ
H[SODQDWLRQ IRU GHFRXSOHG VWUHVVHV EHWZHHQ EDVHPHQW DQG FRYHU VXFK DV REVHUYHG LQ WKH
QRUWKHUQ-XUD0RXQWDLQV
.H\ZRUGV
$QDORJXHPRGHOOLQJVWUDLQUDWHULIWLQJIDXOWUHDFWLYDWLRQLQYHUVLRQ5KLQH%UHVVH7UDQVIHU
=RQH
,QWURGXFWLRQ
2EMHFWLYHVDQGSUHYLRXVPRGHOOLQJZRUN
6HOHFWLYH UHDFWLYDWLRQ RI SUHH[LVWLQJ FUXVWDO IDXOW VHJPHQWV LV D SKHQRPHQRQ
IUHTXHQWO\REVHUYHGDWYDULRXVVFDOHVEHFDXVHLWFDQRFFXUDWORFDOVWUHVVHVORZHUWKDQWKRVH
QHHGHGIRUWKHFUHDWLRQRIQHZIDXOWVFI)LJLQ5LFKDUGDQG.UDQW],QJHQHUDO
IDXOWV UHSUHVHQW VXUIDFHV RI UHGXFHG RU QHJOLJLEOH FRKHVLYH VWUHQJWK 7KHLU UHDFWLYDWLRQ
LV EDVLFDOO\ FRQWUROOHG E\ WKH FRHI¿FLHQW RI IULFWLRQ DQG WKH SRUH ÀXLG SUHVVXUH +HQFH
UHDFWLYDWLRQRISUHH[LVWLQJIDXOWVRFFXUV LI WKHUHVROYHGVKHDUVWUHVVDORQJDIDXOWSODQHLV
ODUJH HQRXJK WR H[FHHG IULFWLRQDO UHVLVWDQFH %\HUOHH  7KLV UHTXLUHV WKH SULQFLSDO
VWUHVVHVWREHLQDIDYRXUDEOHRULHQWDWLRQZLWKUHVSHFWWRWKHWUHQGRIWKHSUHH[LVWLQJIDXOW
$ QXPEHU RI H[SHULPHQWV RQ IDXOW UHDFWLYDWLRQ KDYH EHHQ SHUIRUPHG LQ SUHYLRXV
VWXGLHV 0RVW RI WKLV ZRUN IRFXVHG RQ EDVHPHQWGULYHQ UHDFWLYDWLRQ RI IDXOWV XVXDOO\
VLPXODWHGLQDQDORJXHH[SHULPHQWVE\LQWURGXFLQJDEDVDOGLVFRQWLQXLW\LQWKHPRGHOZKLFK
WULJJHUVDQGORFDOLVHVGHIRUPDWLRQLQWKHRYHUO\LQJFRYHU5LFKDUGDQG.UDQW]1DOSDV
HWDO%UXQDQG1DOSDV'XERLVHWDO%HFDXVHRIWKHKLJKHUUHVROYHG
VKHDU VWUHVV WUDQVSUHVVLRQDO UHDFWLYDWLRQ RI QRUPDO IDXOWV ZLWKLQ WKH FRYHU RFFXUV PRUH
HDVLO\WKDQSXUHFRPSUHVVLRQDOUHDFWLYDWLRQ+HQFHUHDFWLYDWLRQLVIDYRXUHGLIWKHGLUHFWLRQ
RIWKHJUHDWHVWSULQFLSDOVWUHVVıLVREOLTXHWRWKHIDXOWWUHQG5HDFWLYDWHGEDVHPHQWIDXOWV
ZKLFKOHDGWRUHDFWLYDWLRQRIVWUXFWXUHVLQWKHFRYHUH[KLELWDVXEVWDQWLDOZUHQFKFRPSRQHQW
5LFKDUG DQG .UDQW]  %UXQ DQG 1DOSDV  IRXQG WKDW UHDFWLYDWLRQ RI JUDEHQ
ERXQGLQJQRUPDOIDXOWVUHTXLUHVDQDQJOHRIOHVVWKDQEHWZHHQWKHFRPSUHVVLRQGLUHFWLRQ
DQGWKHIDXOWWUHQGDQGWKDWLQYHUVLRQEHFRPHVHYHQPRUHVLJQL¿FDQWDWDQJOHVORZHUWKDQ
 'XERLV HW DO  KDYH SHUIRUPHG H[SHULPHQWV RQ QRUPDO IDXOW UHDFWLYDWLRQ LQ
EULWWOHYLVFRXV V\VWHPV DGGLQJ VDQG OD\HUV GXULQJGHIRUPDWLRQ7KHLU UHVXOWV VXJJHVW WKDW
WKHNLQHPDWLFVRIUHDFWLYDWHGQRUPDOIDXOWVDOVRGHSHQGRQWKHWKLFNQHVVRIWKHVHGLPHQWDU\
RYHUEXUGHQDERYHWKHEDVHPHQWIDXOW
7KHVWUDLQUDWHGHSHQGHQFHRIWKHVWUHQJWKRIYLVFRXVKRUL]RQVHJHYDSRULWHVRIWHQ
IRXQGEHWZHHQEDVHPHQWDQGFRYHULVDQDGGLWLRQDOLPSRUWDQWSDUDPHWHU,WLQÀXHQFHVWKH
FRXSOLQJEHWZHHQEDVHPHQWDQGFRYHU+HQFHVWUDLQUDWHZKLFKFRQWUROVWKHWUDQVPLVVLRQRI
VWUHVVHVEHWZHHQEULWWOHDQGGXFWLOHYLVFRXVOD\HUVDOVREHFRPHVYHU\LPSRUWDQW,QWKLVFDVH

)DXOWUHDFWLYDWLRQLQEULWWOHYLFRXVV\VWHPV
UHDFWLYDWLRQDOVRGHSHQGVRQWKHUKHRORJ\RIWKHYLVFRXVPDWHULDOVLQYROYHG+LWKHUWROLWWOH
DWWHQWLRQKDVEHHQSDLG WR WKLVHIIHFWDQGH[SHULPHQWVZHUHXVXDOO\SHUIRUPHGDWFRQVWDQW
VWUDLQUDWHVHJ6FKUHXUVDQG&ROOHWWD
,QWKLVVWXG\ZHZLOODOVRDGGUHVVWKHVWUDLQUDWHGHSHQGHQFHGXULQJWUDQVSUHVVLRQDO
UHDFWLYDWLRQ RI QRUPDO IDXOWV LQ EULWWOHYLVFRXV V\VWHPV NHHSLQJ WKH JHRPHWU\ FRQVWDQW
WKURXJKRXWDOOH[SHULPHQWV7KHUHVXOWVRIWKHPRGHOZLOOEHDSSOLHGWRDQDWXUDOH[DPSOHWKH
5KLQH%UHVVH7UDQVIHU=RQH5%7=RIWKH(XURSHDQ&HQR]RLF5LIW6\VWHP7KHUH0LGGOH
7ULDVVLFHYDSRULWHVDFWDVDUHJLRQDOGpFROOHPHQWKRUL]RQEHWZHHQWKHSUHULIWVHGLPHQWDU\
FRYHU DQG WKH EDVHPHQW 7KLV WUDQVIHU ]RQH DFFRPPRGDWHG SUHGRPLQDQWO\ WUDQVWHQVLYH
PRWLRQVGXULQJ3DODHRJHQHWLPHV/DFRPEHHWDO6FKXPDFKHU7KHDUHDDOVR
EHDUVHYLGHQFHIRUODWH1HRJHQHWRUHFHQWVKRUWHQLQJDQGXSOLIWZKLFKLVPRVWSUHVXPDEO\
OLQNHGWREDVHPHQWLQGXFHGWUDQVSUHVVLRQDOIDXOWUHDFWLYDWLRQLQLWVVHGLPHQWDU\FRYHUDVZLOO
EHGLVFXVVHGEHORZ'HIRUPDWLRQUDWHVIRUWKLVSKDVHRIUHDFWLYDWLRQDUHUDWKHULOOGH¿QHGLQ
WKH¿HOGEXWFDQEHHVWLPDWHGRQWKHEDVHRIRXUG\QDPLFDOO\VFDOHGVDQGVLOLFRQHPRGHOV
5HJLRQDOJHRORJ\DQGHYLGHQFHIRUWKLFNVNLQQHGUHDFWLYDWLRQ
7KH 5KLQH%UHVVH 7UDQVIHU =RQH 5%7= UHSUHVHQWV D PDMRU :( WUHQGLQJ
LQWUDFRQWLQHQWDOWUDQVIHU]RQHZLWKLQWKH&HQR]RLFULIWV\VWHPRI(XURSH)LJD,WFRQQHFWV
ODWH(RFHQHWR2OLJRFHQHH[WHQVLRQLQWKH8SSHU5KLQHJUDEHQ85*ZLWKFRQWHPSRUDQHRXV
H[WHQVLRQLQWKH%UHVVHJUDEHQ7KLVULIWLQJLPSOLHVFRHYDOVLQLVWUDOWUDQVWHQVLRQDOPRYHPHQWV
DORQJ WKH5%7=/DXEVFKHU%HUJHUDWDQG&KRURZLF] ,OOLHV/DFRPEH
HW DO  3UHH[LVWLQJ /DWH 9DULVFDQ DQG 3HUPR&DUERQLIHURXV:6:(1( WUHQGLQJ
IDXOW V\VWHPV DUH UHVSRQVLEOH IRU WKH ORFDOLVDWLRQ RI WUDQVIHU ]RQHV DQG IRU WKH VWUXFWXUDO
VHJPHQWDWLRQRIWKH(XURSHDQ&HQR]RLFULIWV\VWHP0RVWLPSRUWDQWLQWKLVFRQWH[WLVDVHW
RIIDXOWFRQWUROOHGWURXJKVRI3HUPR&DUERQLIHURXVDJHJHQHUDOO\WUHQGLQJSDUDOOHO WRWKLV
9DULVFDQVWUXFWXUDOJUDLQ,PSRUWDQWDGGLWLRQDOSUHH[LVWLQJVWUXFWXUHVDUH3DODHR]RLF11(
66: ³5KHQLVK´ DQG 1:6(RULHQWHG ³+HUF\QLDQ´ IDXOWV 3DODHRJHQH WUDQVWHQVLRQDO
PRYHPHQWVFRQWUROOHGE\SUHH[LVWLQJVWUXFWXUHVLQWKHEDVHPHQWZHUHDFFRPPRGDWHGE\
WKHIRUPDWLRQRIQXPHURXV(1(WR11(VWULNLQJQRUPDOIDXOWVLQWKH0HVR]RLFVHGLPHQWDU\
FRYHUDQGDGGLWLRQDOO\±RZLQJWRWKHSUHVHQFHRIHYDSRULWHVDWWKHEDVHRIWKH0HVR]RLF
VXFFHVVLRQ±E\ÀH[XUHV%DVHPHQWIDXOWVZLWKLQWKH5%7=FURSRXWRQO\LQWKH0DVVLIGH
OD6HUUHODEHOOHG³06´LQ)LJD7KLVVPDOOEDVHPHQWKRUVWLVERXQGHGE\(1(DQG1(
WUHQGLQJQRUPDO IDXOWV LQ WKHQRUWKDQGVRXWK UHVSHFWLYHO\ZKLFKZHUHDFWLYH LQ WKH/DWH
3DODHR]RLFDQGUHDFWLYDWHGGXULQJ3DODHRJHQHWUDQVWHQVLRQ&KDXYHHWDO&RURPLQD
DQG)DEEUL6XEFURSPDSVVKRZLQJWKH3HUPR&DUERQLIHURXVWURXJKV\VWHP'LHEROG
DQG1DHI /DXEVFKHU DQG1RDFN  DQG9DULVFDQ OLQHDPHQWV 'HEUDQG3DVVDUG
DQG &RXUERXOHL[  DV ZHOO DV RXU ZRUN EDVHG RQ LQGXVWU\ VHLVPLF UHÀHFWLRQ GDWD
SRLQWWRZDUGVWKHH[LVWHQFHRIQXPHURXV1(WR(1(VWULNLQJ1(WR1(IDXOWVLQ

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WKHVXEVXUIDFHRIWKH5%7=DQGWKHVRXWKHUQPRVW85**HRPRUSKRORJLFJHRORJLFDODQG
JHRSK\VLFDOGDWDJLYHHYLGHQFHIRU/DWH3OLRFHQHWRUHFHQWXSOLIWDQGVKRUWHQLQJLQWKH5%7=
DQGWKHVRXWKHUQPRVW8SSHU5KLQH*UDEHQVXPPDULVHGEHORZ
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)LJD*HRORJLFDORYHUYLHZRIWKHZHVWHUQ(XURSHDQ5KLQH%UHVVHWUDQVIHU]RQH5%7=FRQQHFWLQJWKH
%UHVVH*UDEHQ%*DQG8SSHU5KLQH*UDEHQ85*0D[LPXPKRUL]RQWDOVWUHVVRULHQWDWLRQVLQFRYHUEODFN
GRXEOHDUURZVDQGEDVHPHQWZKLWHGRXEOHDUURZVGHULYHGIURPLQVLWXVWUHVVPHDVXUHPHQWVDQGHDUWKTXDNH
IRFDOPHFKDQLVPV%HFNHU5HLQHFNHUHWDO+lULQJDUHVKRZQ1RWHGHFRXSOHGVWUHVVHV
EHWZHHQ EDVHPHQW DQG FRYHU SDUWLFXODUO\ LQ WKH HDVWHUQ )ROGHG -XUD /DUJH GDVKHG UHFWDQJOH GHSLFWV WKH
PRGHOOHGGRPDLQ$0 $YDQW0RQWWKUXVW%7 %HVDQoRQWKUXVW06 0DVVLIGHOD6HUUH0 0DQGDFKDQG
0HWWDXWKUXVWV6PDOOGDVKHGUHFWDQJOHLQGLFDWHVSRVLWLRQRI)LJD
E6NHWFKHVRI WKHNLQHPDWLFIUDPHZRUNRI WKH5%7=IURP3DODHRJHQH WRUHFHQW WLPHV³´ LQGLFDWHVXSOLIW
PRGL¿HGDIWHU/DFRPEHHWDO

)DXOWUHDFWLYDWLRQLQEULWWOHYLFRXVV\VWHPV
*HRPRUSKRORJLFGDWD
'LIIHUHQWLDO YHUWLFDO PRYHPHQWV EHWZHHQ WKH DUHD RI WKH WUDQVIHU ]RQH DQG WKH
8SSHU5KLQH*UDEHQVLQFHWKH/DWH3OLRFHQH3RVW0D/LQLJHU3HWLWHWDO
*LDPERQLHWDOFDQEHLQIHUUHGIURPWKHDEDQGRQPHQWRIWKHULYHUEHGRIWKH3DODHR
$DUHZKLFK GUDLQHGZHVWZDUG DFURVV WKH 6XQGJDX LQWR WKH%UHVVH GHSUHVVLRQ LQ0LGGOH
3OLRFHQH WLPHV  WR0D3HWLWHWDODQG WKHDVVRFLDWHGFDSWXUHRI WKH5KLQH
LQWRWKH5KLQH*UDEHQ7KHVHGUDLQDJHQHWZRUNFKDQJHVZHUHDFFRPSDQLHGE\VKLIWVLQWKH
ORFDWLRQRI4XDWHUQDU\GHSRFHQWHUV OHDGLQJ WR DQ DOPRVW FRPSOHWH ODFNRI FRUUHVSRQGLQJ
GHSRVLWVLQWKH5%7=DVUHYHDOHGIURPLVRSDFKPDSV'RHEO7KHRQO\4XDWHUQDU\
GHSRVLWVDUHIRXQGDORQJWKH'RXEVDQG2JQRQULYHUVZKLFKIRUPUHODWLYHO\QDUURZYDOOH\V
HQWUHQFKLQJ WKHPVHOYHV LQWR0HVR]RLF VHGLPHQWV QRWH RXWOLQHV RI ULYHUPHDQGHUV LQ WKH
5%7=PDUNHGE\WKHLU/DWH3OLRFHQHWR4XDWHUQDU\LQ¿OO)LJD$GGLWLRQDOO\WKHRIIVHWRI
3OLRFHQHRU\RXQJHUSLHGPRQWGHSRVLWVDORQJWKH%HVDQoRQWKUXVWODEHOOHG³%7´LQ)LJD
WRWKHVRXWKLQGLFDWHVDQXSOLIWRIWKHKDQJLQJZDOORIDERXWPZLWKUHVSHFWWRWKHIRRWZDOO
LQWKH'RXEVYDOOH\'UH\IXVVDQG*ODQJHDXG)DEEULHWDO
7KHJHQWO\IROGHGEDVHRIWKH/DWH3OLRFHQHÀXYLDO6XQGJDXJUDYHOVLQWKHVRXWKHUQPRVW
8SSHU 5KLQH*UDEHQ UHYHDOV (1( WR1(VWULNLQJ V\Q DQG DQWLFOLQHV WHVWLI\LQJ WR /DWH
3OLRFHQH WR UHFHQW VKRUWHQLQJ RI WKH VHGLPHQWDU\ FRYHU *LDPERQL HW DO  )LJ E
6\VWHPDWLFDOO\QRUWKZDUGWLOWHG3OHLVWRFHQHULYHUWHUUDFHVRI5KLQHWULEXWDULHVLQWKH6XQGJDX
1LYLqUHDQG:LQWHUDQGLPPHGLDWHO\QRUWKRIWKH$YDQW0RQWWKUXVWODEHOOHG³$0´
LQ)LJDDORQJWKH2JQRQ5LYHU*RJXHODQG'UH\IXVV'UH\IXVVDQG.XQW]
&DPS\JLYHDGGLWLRQDOVXSSRUWWRWKHK\SRWKHVLVWKDWXSOLIWDQGVKRUWHQLQJZLWKLQWKH
5%7=KDVUHPDLQHGDFWLYHGXULQJWKH4XDWHUQDU\
5HFHQWVWUHVV¿HOG
:KLOH:1:(6(RULHQWHGH[WHQVLRQSUHYDLOHGLQWKH5%7=LQWKH(RWR2OLJRFHQH
LWZDV VXEMHFWHG WR1:6( WR:1:(6(RULHQWHG FRPSUHVVLYH VWUHVVHV VLQFH WKH HDUO\
0LRFHQH /DFRPEHHW DO  DQG)LJ E7KHVH UHRULHQWHG VWUHVVHV H[HUWHG IURP WKH
QDVFHQW$OSVLQWKHVRXWKOHGWRWKHFHVVDWLRQRIULIWLQJLQWKHVRXWKHUQ85*'XULQJWKH/DWH
0LRFHQHWR/RZHU3OLRFHQHWKHVRXWKHUQPRVWSDUWVRIWKH5%7=ZHUHLQFRUSRUDWHGLQWRWKLQ
VNLQQHG-XUDIROGLQJDQGWKUXVWLQJ7KHSUHVHQWGD\VWUHVV¿HOGLQSDUWVRIWKH)ROGHG-XUD
0RXQWDLQVDQGWKHLUIRUHODQGKRZHYHUDSSHDUV LQFRPSDWLEOHZLWKSUHVHQWO\RQJRLQJ-XUD
GpFROOHPHQW WHFWRQLFV EHFDXVH FXUUHQWO\ REVHUYHGPD[LPXPKRUL]RQWDO VWUHVVHV LQIHUUHG
IURPLQVLWXVWUHVVPHDVXUHPHQWVGHYLDWHXSWRIURPWKHıGLUHFWLRQVGXULQJWKHPDLQ
VWDJHRI-XUDIROGLQJ%HFNHUDQGUHIHUHQFHVWKHUHLQ$GGLWLRQDOO\WKHUHRULHQWHGUHFHQW
VWUHVVGLUHFWLRQVH[WHQGIDULQWRWKHQRQGHWDFKHGIRUHODQG7KLVOHG%HFNHUWRH[FOXGH
RQJRLQJGpFROOHPHQWWHFWRQLFVLQWKHVHQVHRI/DXEVFKHU7KHPD[LPXPKRUL]RQWDO
VWUHVVHVLQWKHFRYHURIWKH5%7=DUH1:6(WR:1:(6(RULHQWHGEODFNGRXEOHDUURZV

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LQ )LJ D PDNLQJ SUHH[LVWLQJ (1(RULHQWHG IDXOWV SURQH WR GH[WUDO UHDFWLYDWLRQ 7KH
PD[LPXPKRUL]RQWDOVWUHVVHVLQWKHVHLVPRJHQLFEDVHPHQWRIWKHVRXWKHUQ85*DQGDGMDFHQW
DUHDVUHYHDODFRQVLVWHQW1:6(RULHQWDWLRQ3OHQH¿VFKDQG%RQMHU'HLFKPDQQHWDO
+RZHYHULQWKHGHWDFKHGFRYHURIWKHQRUWKHUQ-XUD0RXQWDLQVPD[LPXPKRUL]RQWDO
VWUHVVHVDUHPRUH16RULHQWHG0OOHUHWDO%HFNHULQGLFDWLQJWKDWVWUHVVHV
EHWZHHQ FRYHU DQG EDVHPHQW DUH VWLOO GHFRXSOHG WKHUH FRPSDUH EODFN DQGZKLWH GRXEOH
DUURZVLQ)LJD
7KH(1(VWULNLQJQRUWKYHUJLQJ$YDQW0RQWWKUXVW³$0´LQ)LJDLVDQLVRODWHG
WKUXVW IDXOW LQ WKH DXWRFKWKRQRXV 0HVR]RLF WUDFHDEOH IRU DOPRVW  NP DORQJ VWULNH ,W
QXFOHDWHG PRVW SUHVXPDEO\ DERYH D SUHH[LVWLQJ IDXOW IRUPHG GXULQJ (R2OLJRFHQH
WUDQVWHQVLRQDQGKDVEHHQKLWKHUWRUHJDUGHGDVWKHRXWHUPRVWWKUXVWRIWKH³WKLQVNLQQHG´-XUD
IROGDQGWKUXVWEHOW3KLOLSSH2QWKHRWKHUKDQGLWLV\HWXQFOHDUKRZWKH$YDQW0RQW
WKUXVWLVJHRPHWULFDOO\DQGNLQHPDWLFDOO\OLQNHGWRWKHGHWDFKHG0HVR]RLFRIWKHWKLQVNLQQHG
-XUDIROGEHOW,QWKHZHVWLWDSSHDUVWRWHUPLQDWHDJDLQVWDQ2OLJRFHQHQRUPDOIDXOWGHOLPLWLQJ
WKH0DVVLIGH OD6HUUHKRUVW ³06´ LQ)LJD WR WKH VRXWK7RZDUGV WKHHDVW VKRUWHQLQJ
DORQJLWSURJUHVVLYHO\GLPLQLVKHVXQWLOEHFRPLQJLQVLJQL¿FDQW,QVLWXVWUHVVPHDVXUHPHQWV
LQGLFDWH:1:GLUHFWHG PD[LPXP KRUL]RQWDO VWUHVVHV )LJ D PDNLQJ WKH$YDQW0RQW
WKUXVWSURQHIRUDFFRPPRGDWLQJDFRPELQHGUHYHUVHDQGGH[WUDOPRWLRQLQD³WKLFNVNLQQHG´
PDQQHU2WKHULVRODWHGWKUXVWIDXOWVLQWKHDXWRFKWKRQRXV0HVR]RLFVXFKDVWKH$YDQW0RQW
WKUXVWDUHIRXQGHDVWRI%DVHOHJ0DQGDFKDQG0HWWDXWKUXVWV³0´LQ)LJD:LOGL
/DXEVFKHU/DXEVFKHU$OWKRXJKWKHLUGHYHORSPHQWZDVJHQHUDOO\DWWULEXWHGWR
WKHQXFOHDWLRQRIGpFROOHPHQWUHODWHGWKUXVWVDQGIROGVDERYHSUHH[LVWLQJIDXOWVDQGÀH[XUHV
LQWKHEDVHPHQW:LOGL/DXEVFKHU/DXEVFKHU/DXEVFKHU0OOHUHW
DOWKHLUJHRPHWULFDOOLQNZLWKWKHGHWDFKHG0HVR]RLFRIWKH)ROGHG-XUD0RXQWDLQVLV
DVTXHVWLRQDEOHDVLQWKHFDVHRIWKH$YDQW0RQWWKUXVW
6XEVXUIDFHGDWD
)LJXUHDGHSLFWV IDXOWV RIIVHWWLQJ WKH%DVH0HVR]RLF VXUIDFH LQ WKH VRXWKHUQPRVW
SDUWRIWKH8SSHU5KLQH*UDEHQZKLFKZHUHDFWLYHGXULQJ(R2OLJRFHQHH[WHQVLRQ7KH\
ZHUH LQGHSHQGHQWO\PDSSHGE\GLIIHUHQW DXWKRUV *UOHUHW DO 8VWDV]HZVNLHW DO
VXEPLWWHGRQWKHEDVHRIUHÀHFWLRQVHLVPLFSUR¿OHV)LJXUHDVKRZVWKDWWKHDSSUR[LPDWHO\
1WUHQGLQJIDXOWVUHYHDODFRQVSLFXRXVDQGV\VWHPDWLFGH[WUDOGUDJZKHUHWKH\DSSURDFK
WKH (1(WUHQGLQJ IDXOWV GHOLQHDWLQJ WKH 5%7= 7KHVH IDXOWV DIIHFW D VWUDWLJUDSKLF OHYHO
VLWXDWHG EHORZ WKH7ULDVVLF GpFROOHPHQW KRUL]RQ7KXV WKLV GUDJ FDQQRW EH H[SODLQHG E\
FRPSUHVVLRQ DQGRU ZUHQFKLQJ UHODWHG WR WKLQVNLQQHG -XUD WKUXVWLQJIROGLQJ ZKLFK RQO\
DIIHFWHGWKHGHWDFKHGVHGLPHQWDU\FRYHUEXWQRWWKH%DVH0HVR]RLFVXUIDFH$WWKHVXUIDFH
WZRHQpFKHORQDQWLFOLQHVDUHVLWXDWHGH[DFWO\DERYH(1(WUHQGLQJEDVHPHQWIDXOWVZKLFK
KDYHJHQWO\IROGHGWKHEDVHRIWKH3OLRFHQH6XQGJDXJUDYHOV*LDPERQLHWDO)LJE

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&ORVHXSRQDSDUWRIWKHVRXWKHUQPRVW8SSHU5KLQH*UDEHQ85*DQGDGMDFHQW
-XUD 0RXQWDLQV VKRZLQJ IDXOWV GLVVHFWLQJ WKH %DVH 0HVR]RLF ZHVWHUQ SDUW DQG 7RS
%XQWVDQGVWHLQVXUIDFHVHDVWHUQSDUWRI¿JXUH1RWHWKHV\VWHPDWLFGH[WUDOGUDJRI1
WUHQGLQJ IDXOWV DORQJ (1(WUHQGLQJ IDXOWV ZKLFK LV LQWHUSUHWHG DV WKH UHVXOW RI GH[WUDO
UHDFWLYDWLRQRI(1(WUHQGLQJIDXOWVLQWKH1HRJHQHLQVHUWDWWRSULJKW1XPEHUVDWHGJHV
UHIHUWR6ZLVV1DWLRQDOJULG)- )ROGHG-XUD7- 7DEXODU-XUD3 3IHWWHUKRXVHUHYHUVH
IDXOW
E&RQWRXUVRIWKHEDVHRI/DWH3OLRFHQH6XQGJDXJUDYHOVLQPDERYHVHDOHYHOLVRK\SVH
GLVWDQFHPLQWKHDUHDRIHQpFKHORQDOLJQHGVXUIDFHDQWLFOLQHVWHVWLI\LQJWR3RVW/DWH
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
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)LJ  16WUHQGLQJ UHÀHFWLRQ VHLVPLF OLQH FURVVLQJ D UHDFWLYDWHG (1(
WUHQGLQJ EDVHPHQW IDXOW LQ WKH VRXWKHUQPRVW 8SSHU 5KLQH *UDEHQ )RU WKH
ORFDWLRQVHH)LJDXQPLJUDWHGVWDFNHGWLPHVHFWLRQELQWHUSUHWHGVHFWLRQ
%0 EDVH0HVR]RLF0 WRS0XVFKHONDON' WRS'RJJHU$ WRS0DOP
5 8SSHU5XSHOLDQ'XULQJ(RWR2OLJRFHQHULIWLQJDQH[WHQVLRQDOÀH[XUH
KDVGHYHORSHGLQWKH0HVR]RLFVHGLPHQWVDERYHDQRUWKGLSSLQJQRUPDOIDXOW
GHOLPLWLQJ D 3HUPR&DUERQLIHURXV WURXJK QRWH WKH GLIIHUHQWO\ UHÀHFWLYH
EDVHPHQW EHQHDWK WKH0HVR]RLF DFURVV WKH IDXOW 6\QULIW VHGLPHQWV VKRZ D
VRXWKZDUGWDSHULQJZHGJHDQGDUHRI8SSHU3ULDERQLDQWR/DWH&KDWWLDQDJH
&RPSUHVVLYHWUDQVSUHVVLYHUHDFWLYDWLRQRIWKHQRUPDOIDXOWOHGWRWKHLQYHUVLRQ
RIWKHÀH[XUHHYLGHQFHGLQWKHJHQWO\IROGHG8SSHU5XSHOLDQUHÀHFWRUPDUNHG
³5´6HLVPLFGDWDFRXUWHV\RI6KHOO,QWHUQDWLRQDO(3

)DXOWUHDFWLYDWLRQLQEULWWOHYLFRXVV\VWHPV
(DVWZDUGDUHYHUVHIDXOWWUHQGLQJ(1(LQWKHDORQJVWULNHFRQWLQXDWLRQRIWKHHQpFKHORQ
DOLJQHG DQWLFOLQHVZDVPDSSHG LQ WKH VXEVXUIDFH RI WKH2OLJRFHQH¿OOZLWKLQ DQ DGMDFHQW
JUDEHQODEHOOHG³3´LQ)LJDDQG)LJ)LJVKRZVDUHÀHFWLRQVHLVPLFOLQHWUDYHUVLQJ
WKLVUHDFWLYDWHG(1(WUHQGLQJIDXOW$QH[WHQVLRQDOÀH[XUHKDVGHYHORSHGLQWKH0HVR]RLF
VHGLPHQWVDERYHDVWHHSO\QRUWKGLSSLQJQRUPDOIDXOWGXULQJ(RWR2OLJRFHQHULIWLQJ7KLV
QRUPDO IDXOW GHOLPLWV D 3HUPR&DUERQLIHURXV WURXJK DV GHSLFWHG E\ GLIIHUHQWO\ UHÀHFWLYH
EDVHPHQW EHQHDWK WKH 0HVR]RLF VHGLPHQWV DFURVV WKH IDXOW 6\QULIW VHGLPHQWV WDSHULQJ
VRXWKZDUGDUHRI8SSHU3ULDERQLDQWR/DWH&KDWWLDQDJH&RPSUHVVLYHRUUDWKHUWUDQVSUHVVLYH
UHDFWLYDWLRQRIWKHQRUPDOIDXOWOHGWRWKHLQYHUVLRQRIWKHÀH[XUH7KLVLVHYLGHQFHGLQWKH
JHQWO\IROGHG8SSHU5XSHOLDQUHÀHFWRUPDUNHG³5´$FFRUGLQJWRWKHVHLVPLFLQIRUPDWLRQ
DYDLODEOH)LJIDXOWUHDFWLYDWLRQFRXOGKDYHRFFXUUHGDVHDUO\DVLQWKH/DWH&KDWWLDQ6HHQ
LQDODUJHUFRQWH[WKRZHYHUUHDFWLYDWLRQUDWKHURFFXUUHGDIWHUWKHHVWDEOLVKPHQWRI1:6(
RULHQWHGJUHDWHVWSULQFLSDOVWUHVVLQ$TXLWDQLDQWLPHV/DXEVFKHUDQG)LJEULJKW
7KHHYLGHQFHSURYLGHGLQ)LJXUHVDQGVKRZVWKDWGH[WUDOUHDFWLYDWLRQRI(1(RULHQWHG
EDVHPHQWIDXOWVLQWKH5%7=KDVLQYHUWHGIRUPHUO\H[WHQVLRQDOÀH[XUHVLQWKHFRYHUOHDGLQJ
WRGH[WUDOO\GUDJJHG1WUHQGLQJIDXOWVWRSULJKWLQVHUWLQ)LJD
7KH JHRPRUSKRORJLF JHRORJLFDO DQG JHRSK\VLFDO REVHUYDWLRQV GHVFULEHG LQ WKLV
VHFWLRQ WHVWLI\ WR 1HRJHQH SDUWLFXODUO\ 8SSHU 3OLRFHQH WR UHFHQW WKLFNVNLQQHG WHFWRQLF
DFWLYLW\LQWKH5%7=:HLQWHQGHGWRFRPSDUHQDWXUDOVWUXFWXUHVZLWKH[SHULPHQWDOO\REWDLQHG
RQHVE\PHDQVRIG\QDPLFDOO\VFDOHGDQDORJXHPRGHOOLQJ ,QRUGHU WRSURYLGHTXDOLWDWLYH
FRQVWUDLQWVRQWKHVWUDLQUDWHVGXULQJWKHUHDFWLYDWLRQRI(1(RULHQWHGEDVHPHQWIDXOWVLQWKH
5%7=RXUH[SHULPHQWVZHUHSHUIRUPHGZLWKYDU\LQJGLVSODFHPHQWUDWHV3ULRUWRGHVLJQLQJ
DQH[SHULPHQWDOVHWXSKRZHYHUHVWLPDWHVRQDPRXQWDQGGLUHFWLRQRIGLVSODFHPHQWZLWKLQ
WKH5%7=DVZHOODVQDWXUDO VWUDLQ UDWHVZHUH UHTXLUHG)XUWKHUPRUH WKH UKHRORJ\RI WKH
PRGHO PDWHULDOV FKRVHQ QHHGHG WR EH SURSHUO\ GRZQVFDOHG WR PDWFK WKDW RI WKH SUHULIW
VHGLPHQWVLQWKH5%7=
*HRORJLFDOERXQGDU\FRQGLWLRQVDQGVWUDLQUDWHV
(VWLPDWHVRIGLVSODFHPHQWDQGVWUDLQUDWHVLQWKH5%7=
7KHRULHQWDWLRQRIV LQ WKHVRXWKHUQ85*DQG WKH5%7=GXULQJ WKHPDLQULIWLQJ
SXOVHZDV:1:(6(/DFRPEHHWDO7KHVWULNHD]LPXWKRIWKH3HUPR&DUERQLIHURXV
WURXJK V\VWHP WKH OLNHOLHVW FDQGLGDWH IRU WKH UHDFWLYDWLRQ RI WKH EDVHPHQW IDXOW ]RQH
FRQWUROOLQJWUDQVWHQVLRQZLWKLQWKH5%7=LVEHWZHHQ1(DQG1(DVGHGXFHGIURP
YDULRXVVXEFURSPDSV'HEUDQG3DVVDUGDQG&RXUERXOHL['LHEROGDQG1DHI
0OOHUHWDO7KHDQJOHEHWZHHQWKLVEDVHPHQWIDXOW]RQHDQGıLVWKXVRQWKHRUGHU
RI)LJEOHIW$VVXPLQJWKDWDOOH[WHQVLRQGXHWRULIWLQJLQWKHVRXWKHUQ8SSHU5KLQH
*UDEHQZDVWUDQVIHUUHGLQWRWKH5%7=DQRYHUDOOGLVSODFHPHQWRINPPD\EHGHGXFHG

&KDSWHU
%UXQHWDO7KLVH[WHQVLRQZDVDFFRPPRGDWHGZLWKLQDWLPHVSDQRIDERXW0D
DVWKHPDLQVXEVLGHQFHSXOVHVSDQQHGIURPWR0D6FKXPDFKHU7KLVUHVXOWV
LQDGLVSODFHPHQWUDWH8RIDERXWPPDDQGJLYHQDQLQLWLDOULIWZLGWKRINP
$OOHPDQGDQG%UXQLQDVWUDLQUDWH RIWKHRUGHURIV
(VWLPDWLQJWKH1HRJHQHGLVSODFHPHQWUDWHVLVPRUHGLI¿FXOW)LJXUHDUHYHDOVWKDW
WKH1WUHQGLQJIDXOWVDUHV\VWHPDWLFDOO\GH[WUDOO\GUDJJHGZKHUHWKH\DSSURDFKWKH(1(
WUHQGLQJIDXOWVGHOLQHDWLQJWKH5%7=$FFRUGLQJWR)LJWKHGUDJDPRXQWVWRVRPHWR
NPDQGRFFXUUHGDORQJGH[WUDOO\UHDFWLYDWHG(1(RULHQWHGEDVHPHQWIDXOWVVLQFH1HRJHQH
WLPHV /DXEVFKHU  DUJXHG WKDW FRPSUHVVLYH UHDFWLYDWLRQ RI 3DODHRJHQH H[WHQVLRQDO
ÀH[XUHVLQLWLDWHGDOUHDG\LQWKH/DWH$TXLWDQLDQWR(DUO\%XUGLJDOLDQDURXQG0D,QWKLV
FDVH WKHVHPRYHPHQWVZRXOGFRUUHVSRQG WRGLVSODFHPHQW UDWHVRQ WKHRUGHURIPPD
RUHYHQOHVVLIFRQWLQXRXVXSWRSUHVHQW,IRQWKHRWKHUKDQGZHDVVXPHWKDWWKHLQIHUUHG
DPRXQW RI ZUHQFKPRWLRQZDV DFFRPPRGDWHG RQO\ VLQFH WKH /DWH 3OLRFHQH SRVWGDWLQJ
ERWK -XUDIROGLQJ DQG WKH GHSRVLWLRQ RI WKH 3OLRFHQH 6XQGJDX JUDYHOV LH SRVW0D
DQDYHUDJHGLVSODFHPHQWUDWHRQWKHRUGHURIPPDLVGHGXFHG$QLQGHSHQGHQWHVWLPDWH
DFKLHYHGE\SDOLQVSDVWLFDOO\UHVWRULQJWKHJHQWO\IROGHGEDVHRIWKH6XQGJDXJUDYHOV\LHOGV
DPLQLPXP KRUL]RQWDO GLVSODFHPHQW UDWH RQ WKH RUGHU RI PPD RYHU 0D7KXV
1HRJHQHGLVSODFHPHQW UDWHV LQ WKH5%7=UDQJHEHWZHHQDQGPPD LI FRQWLQXRXV
IDXOWDFWLYLW\LQWKHFRQVLGHUHGWLPHVORWVLVDVVXPHG
5KHRORJ\RIWKHSUHULIWVHGLPHQWV
'LVUHJDUGLQJ 7HUWLDU\ V\QULIW VHGLPHQWV WKH RYHUDOO WKLFNQHVV RI WKH 0HVR]RLF
VHGLPHQWV LQ WKH VRXWKHUQ85* DSSUR[LPDWHV  WR P DV UHYHDOHG E\ ERUHKROHV
6FKPLGWHWDO+lULQJ)LJERWWRP7KLVSLOHRIVHGLPHQWVSUHGRPLQDQWO\
FRQVLVWVRI OLPHVWRQHVZKLFKUHVSRQGHG WR ULIWUHODWHGH[WHQVLRQPDLQO\E\EULWWOH IDLOXUH
,QWHUFDODWHG$DOHQLDQ VKDOHV DUH FRQVLGHUHG DV EULWWOH OD\HUV LQ RXU PRGHOOLQJ VLQFH WKH\
UHYHDO QR WUDQVLWLRQ IURP FDWDFODVWLF WR SODVWLF EHKDYLRXU ZLWK LQFUHDVLQJ GLIIHUHQWLDO
VWUHVVHV1HVFK7KHUHIRUHWKH\DUHXQOLNHO\WRKDYHKDGDQ\VLJQL¿FDQWHIIHFWIRU
VWUDLQSDUWLWLRQLQJGXULQJ ULIWLQJ+RZHYHUYLVFRXVEHKDYLRXU LV H[SHFWHG IRU WKH7ULDVVLF
0XVFKHONDONDQG*LSVNHXSHUVHULHVZKHUHURFNVDOWDQK\GULWHDQGRUJ\SVXPSUHGRPLQDWH
:KLOHWKH*LSVNHXSHUFRQWDLQVIUHTXHQWVKDOHLQWHUFDODWLRQVYHU\SXUHDQGXSWRPWKLFN
URFNVDOWLVSUHVHQWLQWKHEDVDO7ULDVVLF0XVFKHONDONVHULHV)RUFRQYHQLHQFHZHDVVXPHG
DQRYHUDOOWKLFNQHVVRIYLVFRXVURFNVDOWRIPZKLFK\LHOGVDWKLFNQHVVUDWLRRIEULWWOHWR
YLVFRXVVHGLPHQWVRQWKHRUGHURILQWKHRYHUDOOVWUDWLJUDSKLFFROXPQ
7KH EDVHPHQW FRQVLVWV HLWKHU RI FU\VWDOOLQH URFNV RU RI 3HUPLDQ FODVWLF GHSRVLWV
VDQGVWRQH TXDUW]LWH DQG FRQJORPHUDWH%RWK UHYHDOHG EULWWOH EHKDYLRXU LQ WKHLU WRS SDUW
GXULQJ3DODHRJHQHULIWLQJDVFDQEHLQIHUUHGIURPWKHFDWDFODVWLFEHKDYLRXURIWKHVHURFNV
ZKHUHWKH\DUHH[SRVHGDORQJWKH85*ERUGHUIDXOWV

)DXOWUHDFWLYDWLRQLQEULWWOHYLFRXVV\VWHPV
([SHULPHQWDOVHWXS
6DQGVLOLFRQH PRGHOV ZHUH EXLOW LQ RUGHU WR LQYHVWLJDWH WKH HIIHFWV RI EDVHPHQW
IDXOW UHDFWLYDWLRQRQ WKHGHIRUPDWLRQRIDEULWWOHVHGLPHQWDU\FRYHUDERYHDEDVDOYLVFRXV
GpFROOHPHQW OD\HU 7ZR VXFFHVVLYH GHIRUPDWLRQ VWDJHV ZHUH DSSOLHG DQ LQLWLDO SKDVH RI
REOLTXH ULIWLQJ ZLWK VLQLVWUDO WUDQVWHQVLRQDO PRWLRQ DQG D VXEVHTXHQW SKDVH RI GH[WUDO
WUDQVSUHVVLRQDOUHDFWLYDWLRQ)LJ7KHDQDORJXHPRGHOVZHUHG\QDPLFDOO\VFDOHGIRUWKH
VHGLPHQWDU\SLOHRYHUO\LQJD3DODHR]RLFEDVHPHQWLQWKHDUHDRIWKHVRXWKHUQ8SSHU5KLQH
*UDEHQDQGWKH5%7=7KH\PDWFKWKHQDWXUDO³SURWRW\SH´LQWHUPVRI\LHOGVWUHVVHVDFWLQJ
RQEULWWOHDQGYLVFRXVPDWHULDOVGXULQJ(RFHQH2OLJRFHQHULIWLQJVHH)LJIRUWKHVWUHQJWK
SUR¿OHVREWDLQHGDQG$SSHQGL[IRUGHWDLOVUHJDUGLQJG\QDPLFDOVFDOLQJ
7KHDQDORJXHPRGHOVZHUHXQGHUODLQE\DPPWKLQULJLG39&SODWHZKLFKZDVFXW
DWDQDQJOHRIWRWKHH[WHQVLRQGLUHFWLRQ)LJ7KHREOLTXHHGJHRIWKHSODWHUHSUHVHQWV
DSUHH[LVWLQJGLVFRQWLQXLW\ZKLFKLQGXFHVGHIRUPDWLRQLQWKHFRYHULQJVDQG$EDVDOOD\HU
RIVLOLFRQHSXWW\[FPODUJHDQGPPWKLFNZDVSODFHGDERYHWKLVGLVFRQWLQXLW\7KH
VLOLFRQHSXWW\LQFOXGLQJLWVHGJHVZDVHQWLUHO\FRYHUHGE\FPRIGU\TXDUW]VDQGLQRUGHU
WRSUHYHQWJUDYLWDWLRQDOVLGHZDUGÀRZRIVLOLFRQH)LJ&RORXUHGPDUNHUOD\HUVRIVDQG
ZHUHVSULQNOHGLQGH¿QHGVWHSVLQRUGHUWRYLVXDOLVHYHUWLFDOGLVSODFHPHQWVDFURVVIDXOWV$
    
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)LJ  6WUHQJWK SUR¿OHV
IRU WKH G\QDPLFDOO\
VFDOHG H[SHULPHQWV WRS
DQG WKH 5%7= ERWWRP
XVLQJ D VLPSOL¿HG
VWUDWLJUDSK\ IRU WKH
0HVR]RLF SUHULIW VHULHV
EDVHGRQYDULRXVERUHKROH
GDWD $EEUHYDWLRQV %6
  %XQWVDQGVWHLQ 0.  
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&KDSWHU
UHFWDQJXODUJULGRIFRORXUHGVDQG OLQHVZLWKDVSDFLQJRIDQGFP UHVSHFWLYHO\ZDV
VSULQNOHGRQWKHVPRRWKHGVXUIDFHRIWKHPRGHOLQRUGHUWRYLVXDOLVHODWHUDOGLVSODFHPHQWV
LQGXFHGGXULQJWKHH[SHULPHQW
&RPSXWHUFRQWUROOHGVWHSSHUPRWRUVLPSRVHGWKHGHIRUPDWLRQRQWKHULJ'LVSODFHPHQW
UDWHVGXULQJWKHH[SHULPHQWUXQUDQJHGIURPWRFPK7RSYLHZSKRWRJUDSKVZHUHWDNHQ
DWVHYHUDOVWHSVGXULQJWKHGLIIHUHQWH[SHULPHQWDOUXQVDOORZLQJIRUWUDFLQJIDXOWHYROXWLRQ
GXULQJ HDFK GHIRUPDWLRQ LQFUHPHQW$IWHU FRPSOHWLRQ RI WKH H[SHULPHQW WKH PRGHO ZDV
FRYHUHGE\DQDGGLWLRQDOOD\HURIVDQGLQRUGHUWRVHDOLWVUHOLHIDQGVXEVHTXHQWO\VSULQNOHG
ZLWKZDWHU XQWLO WKH SRUH VSDFHZDV VDWXUDWHG7KLV SURYLGHG WKH QHFHVVDU\ FRKHVLRQ IRU
FXWWLQJWKHPRGHOLQWRVOLFHVSHUSHQGLFXODUWRWKHWUHQGRIWKHSUHH[LVWLQJGLVFRQWLQXLW\LQ
WKH39&SODWH3KRWRJUDSKVZHUHWDNHQIURPDOOVHFWLRQV
F
P
FP
39
&S
ODWH
GU\
TXD
UW]
VDQ
G
VLOL
FRQ
H S
XWW\
VWD
JH
 W
UDQ
VWH
QVL
RQ
VWD
JH
 W
UDQ
VSU
HVV
LRQ
ULJ FRQQHFWHGWR VWHSSHU PRWRU
FP
VWUHQJWK SURILOH )LJ 
6FKHPDWLFEORFNGLDJUDPRIWKHH[SHULPHQWDOVHWXS$UHFWDQJXODUEORFNRIVLOLFRQHSXWW\


FP LV HQWLUHO\ FRYHUHG E\  FP RI GU\ TXDUW] VDQG'HIRUPDWLRQ LQ WKH WZROD\HU
PRGHOLVLQGXFHGE\DPPWKLFNULJLGEDVDO39&SODWHZKLFKLVGULYHQE\DQHOHFWURQLFDOO\
FRQWUROOHGVWHSSHUPRWRU
    
 
 
 
    	      

   
            
   	  
          
	   	  
      

   	         
 
   	       "  !    
   
    	 !  !  

   	  
         !       
   	  
     !  
7DEOH3DUDPHWHUVRISHUIRUPHGH[SHULPHQWVDQGUHVXOWLQJIDXOWSDWWHUQV([SHULPHQWVUHIHUUHGWRLQWH[WDQG
¿JXUHVDUHVKRZQLQEROGLWDOLFVY GLVSODFHPHQWUDWHGXULQJVWDJHFPKY GLVSODFHPHQWUDWHGXULQJ
VWDJHFPK6E VWUHQJWKRIEULWWOHOD\HUV3D6G VWUHQJWKRIYLVFRXVOD\HU3D6E6G VWUHQJWKUDWLR
GLVSO GLVSODFHPHQWGXULQJWUDQVWHQVLYHVWDJHPPGLVSO GLVSODFHPHQWGXULQJWUDQVSUHVVLYHVWDJHPP
QHZIWV QHRIRUPHGIDXOWVDWVWDJHUHDFWIWV IDXOWVUHDFWLYDWHGDWVWDJHQHZIWV QHRIRUPHGIDXOWV
DWVWDJH5 5VKHDU3 3VKHDU

)DXOWUHDFWLYDWLRQLQEULWWOHYLFRXVV\VWHPV
([SHULPHQWDOUHVXOWV
7ZRSKDVH H[SHULPHQWV ZHUH SHUIRUPHG XQGHU YDU\LQJ GLVSODFHPHQW UDWHV VHH
7DEOH  IRU WHFKQLFDO SDUDPHWHUV 'LVSODFHPHQW UDWHV GXULQJ WKH ¿UVW GHIRUPDWLRQ SKDVH
WUDQVWHQVLRQZHUHSHUIRUPHGDWDQGFPK7KHVXEVHTXHQWSKDVHRIWUDQVSUHVVLRQDO
UHDFWLYDWLRQZDV SHUIRUPHG DW GLVSODFHPHQW UDWHV RI   DQG  FPK LQ RUGHU WR YDU\
FRXSOLQJDFURVVWKHYLVFRXVOD\HUE\DIDFWRURIVHH$SSHQGL[2QHH[SHULPHQW25)LJ
	ZDVWHUPLQDWHGDIWHUFRPSOHWLRQRIWKH¿UVWWUDQVWHQVLRQDOVWDJHLQRUGHUWRFRPSDUH
SXUHO\WUDQVWHQVLRQDOVWUXFWXUHVWRWKRVHFDXVHGE\VXEVHTXHQWWUDQVSUHVVLYHUHDFWLYDWLRQ,Q
WKHIROORZLQJWZRVHFWLRQVDQGZHGHVFULEHWKHVHTXHQWLDOGHYHORSPHQWRIVWUXFWXUHV
VHHQLQWRSYLHZGXULQJH[SHULPHQWDOUXQVDQGLQFURVVVHFWLRQVIRUWKUHHH[SHULPHQWV25
25DQG25
6WDJHWUDQVWHQVLRQ
7KH¿UVWVXUIDFHIDXOWVDSSHDU LQ WKHEULWWOHFRYHUDIWHUPPGLVSODFHPHQW)LJ
D)RUPLQJULJKWDERYHWKHEDVHPHQWIDXOWZLWKDVSDFLQJRIW\SLFDOO\WRFPPHDVXUHG
SHUSHQGLFXODU WR WKH IDXOW WUHQG WKH\ GLVSOD\ D ULJKWVWHSSLQJ HQpFKHORQ DOLJQPHQW DQG
VLQLVWUDOREOLTXHVOLSVHQVHRIPRWLRQDVGHGXFHGIURPWKHGLVSODFHPHQWRIWKHJULGOLQHVDW
WKHPRGHOVXUIDFH7KHSRODULW\RIWKHQRUPDOIDXOWFRPSRQHQWVZLWFKHVSUHFLVHO\DERYHWKH
EDVDOSUHFXWGLVFRQWLQXLW\)LJD7KHVHHQpFKHORQIDXOWVDUHRULHQWHGDWDQJOHVEHWZHHQ
DQGWRWKHEDVHPHQWIDXOWDQGPD\EHLQWHUSUHWHGDVV\QWKHWLF5LHGHO5VKHDUV)LJ
D6XFKDQJOHVDUHTXLWHW\SLFDORIZUHQFKIDXOWVZLWKWUDQVWHQVLRQDONLQHPDWLFVFI0DQGO
S
3URJUHVVLYHGHIRUPDWLRQZLGHQVWKHIDXOW]RQHE\DORQJVWULNHSURSDJDWLRQRIWKHHQ
pFKHORQIDXOWVXVXDOO\DZD\IURPWKHEDVHPHQWGLVFRQWLQXLW\)LJ'XULQJWKLVZLGHQLQJ
LQGLYLGXDOIDXOWVEHJLQWRRYHUODSHDFKRWKHU)LJEDQGF7KHLUHQGVRIWHQEHFRPHIULQJHG
DQG VOLJKWO\ FXUYHG IDFLOLWDWLQJ IDXOW FRDOHVFHQFH DV GHIRUPDWLRQ DGYDQFHV 'XH WR WKLV
IULQJLQJ WKHDQJOHEHWZHHQEDVDOGLVFRQWLQXLW\DQG WKHRXWHUPRVW WLSVRIHQpFKHORQIDXOW
VHJPHQWVPD\LQFUHDVHWR)DXOWIRUPDWLRQDOZD\VSURJUHVVHVIURPRXWVLGHWRLQVLGH
WKHULIW7KLVLVGHSLFWHGLQWKUHHFURVVVHFWLRQVFXWWKURXJKDQH[SHULPHQWWKDWZDVWHUPLQDWHG
DIWHUWKHWUDQVWHQVLYHVWDJH25)LJ
%HWZHHQ  DQG  PP GLVSODFHPHQW D VHFRQG IDXOW VHW DSSHDUV DW WKH VXUIDFH
WUHQGLQJHLWKHUVXESDUDOOHOWRWKHEDVHPHQWGLVFRQWLQXLW\RUDWDQDQJOHDVVPDOODVEXW
LQWKHRSSRVLWHGLUHFWLRQFRPSDUHGWRHDUOLHUIRUPHG5VKHDUV'LVSODFHPHQWVDUHSULPDULO\
VLQLVWUDOWKHYHUWLFDOWKURZEHLQJVLJQL¿FDQWO\VPDOOHUWKDQLQFDVHRIWKH¿UVWIDXOWVHW7KHVH
IDXOWVDUHLQWHUSUHWHGDV3VKHDUV)LJE7KHOLQNDJHRILQGLYLGXDOIDXOWVRIWKHVHWZRVHWV
OHDGVWRWKHIRUPDWLRQRIVPDOOOR]HQJHVKDSHGSXOODSDUWEDVLQV)LJF)DXOWGLSVUDQJH
EHWZHHQWRIRUERWKVHWVRIIDXOWVWKHYLVFRXVEDVDOOD\HUEHLQJYLVLEO\WKLQQHGEHORZ
WKHJUDEHQVWUXFWXUH)LJ

&KDSWHU
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)LJ6WHSZLVHGHYHORSPHQWRIVXUIDFHIDXOWVGXULQJREOLTXHULIWLQJDWDGLVSODFHPHQWUDWHRIFPK
WUDQVWHQVLRQDO SKDVH RI H[SHULPHQW 25 ,OOXPLQDWLRQ IURP WRS SDUW RI ¿JXUH D 6XUIDFH IDXOWV
IRUPLQJ¿UVWDIWHUPPGLVSODFHPHQWDUHHQpFKHORQDOLJQHGV\QWKHWLF5VKHDUV1RWHWKHVZLWFK
LQIDXOWSRODULW\ULJKWDERYHWKHWUDFHRIWKHEDVHPHQWIDXOWE$IWHUPPGLVSODFHPHQWDVHWRI3
VKHDUVDSSHDUV&RDOHVFHQFHRIWKHWZRIDXOWVHWVDIWHUPPWUDQVWHQVLRQDOORZVIRUWKHIRUPDWLRQRI
OR]HQJHVKDSHGSXOODSDUWEDVLQVVFKHPDWLFDOO\VKRZQE\LQVHUWDWORZHUULJKW

)DXOWUHDFWLYDWLRQLQEULWWOHYLFRXVV\VWHPV
QRUPDO IDXOW 5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3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)LJ  2EOLTXH ULIWPRGHO
WUDQVWHQVLRQDO ZUHQFK
IDXOWLQJH[SHULPHQW25
,OOXPLQDWLRQIURPWRSSDUWRI
¿JXUHD)DXOWSDWWHUQDQG
UHSUHVHQWDWLYHVWUDLQHOOLSVH
DIWHUPPWUDQVWHQVLRQDO
GLVSODFHPHQW/RFDWLRQVRI
FURVVVHFWLRQV )LJ  DUH
LQGLFDWHGE/LQHGUDZLQJ
RI WKH IDXOW SDWWHUQ 1RWH
WKH VZLWFK LQ QRUPDO IDXOW
SRODULW\ZLWKUHVSHFWWRWKH
ORFDWLRQRI3VKHDUV

FP GU\ VDQG
39&
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VDQG VXUIDFH
DIWHU GHIRUP
VLOLFRQH
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 &URVVVHFWLRQV DFURVV WKH REOLTXH
ULIWVWUXFWXUHH[SHULPHQW25DIWHUPP
WUDQVWHQVLRQ )RU ORFDWLRQ RI WKH VHFWLRQV
VHH )LJ 1RWH WKH FKDUDFWHULVWLF WKLQQLQJ
RU³QHFNLQJ´RI WKHYLVFRXVEDVHEHORZWKH
JUDEHQ *HQHWLF FKURQRORJ\ RI IDXOWV LV
LQGLFDWHGE\QXPEHUV  DQG/RZHU FDVH
OHWWHUVLQGLFDWHUHODWLYHFKURQRORJ\LQZKLFK
WKH LQGLYLGXDO IDXOWV DSSHDU LQ WKH VHFWLRQ
SODQH E\ DORQJVWULNH SURSDJDWLRQ )LUVW
IDXOWV D E DUH V\QWKHWLF 5W\SH VKHDUV
DQGIRUPWKHH[WHUQDOERXQGDU\IDXOWVRIWKH
JUDEHQ $ORQJVWULNH SURSDJDWLRQ RI WKHVH
HQpFKHORQ DOLJQHG IDXOWV ODEHOOHG ³F´
FDXVHVZLGHQLQJRIWKHULIW<RXQJHU5W\SH
IDXOWVGHIRUPLQWKHLQWHULRUSDUWRIWKH
ULIW)DXOWVRIJHQHUDWLRQDUH3W\SHVKHDUV
DQGIRUPLQWKHFHQWUHRIWKHULIW

&KDSWHU
7KHWRWDOGLVSODFHPHQWZDVUHVWULFWHGWRPPLQPRVWH[SHULPHQWV$WWKLVVWDJH
WKH REOLTXH ULIWV GLG QRW GHYHORS LQWR D FRQWLQXRXV JUDEHQ VWUXFWXUH ZKLFK ZRXOG KDYH
FRPSOLFDWHG WKH WUDFLQJ RI PRYHPHQWV GXULQJ VXEVHTXHQW UHDFWLYDWLRQ 7KH ¿QDO IDXOW
SDWWHUQDIWHUFRPSOHWLRQRIWKHWUDQVWHQVLRQDOVWDJHGLVSOD\VDQDUUD\RIHQpFKHORQDOLJQHG
REOLTXHVOLSQRUPDOIDXOWVZLWKVHYHUDOJUDEHQDQGKRUVWVWUXFWXUHV)LJFDQGDDQG
RFFDVLRQDOO\±ZHOOGH¿QHGEDVLQVWKDWIRUPHGE\WKHOLQNDJHRI5DQG3VKHDUV)LJF
DQGD
6WDJHWUDQVSUHVVLRQ
7KHUHDFWLYDWLRQRIQXPHURXVSUHH[LVWLQJIDXOWVSURGXFHGGXULQJWKH¿UVWGHIRUPDWLRQ
VWDJHZDVRQO\REVHUYHGDWKLJKGLVSODFHPHQW UDWHV Y  FPK7UDQVSUHVVLRQDW ORZHU
GLVSODFHPHQWUDWHVY WRFPKOHGWRVWUDLQORFDOLVDWLRQLQWKHYLFLQLW\RIWKHSUHFXW
39&SODWHZLWKRXWIDXOWLQYHUVLRQSURSDJDWLQJWRZDUGVWKHVXUIDFHRIWKHEULWWOHFRYHU
5HDFWLYDWLRQDWORZGLVSODFHPHQWUDWHVY WRFPK
'HIRUPDWLRQLQWKHVDQGOD\HUFRQFHQWUDWHVDORQJUHDFWLYDWHG3VKHDUV³U3´LQ)LJ
E5VKHDUVDUHQRWUHDFWLYDWHGSUHVXPDEO\GXHWRKLJKHUDQJOHVEHWZHHQIDXOWVWULNHDQG
VKRUWHQLQJGLUHFWLRQUHVXOWLQJLQORZHUUHVROYHGVKHDUVWUHVVHV7KHUHIRUHJUDEHQVWUXFWXUHV
DUHQRWLQYHUWHGHYHQDIWHUPPRIVKRUWHQLQJ)LJE0RYHPHQWDORQJUHDFWLYDWHG3
VKHDUVLVUHDGLO\VHHQLQWKHGLVSODFHPHQWRIWKHYHUWLFDOPDUNHUOLQHVFRPSDUH)LJDDQG
E'XULQJDQDGYDQFHGVWDJHRIWUDQVSUHVVLRQDOVKRUWHQLQJEHWZHHQDQGPPVPDOO
VXUIDFH WKUXVW IDXOWV DSSHDU7KHVH WKUXVWV DUH WUDQVIHUUHG DORQJSUHH[LVWLQJ5W\SH IDXOWV
)LJ E6XERUGLQDWHQDUURZLQJRI WKH ULIW LV DFKLHYHGE\ FRPELQHG UHYHUVH DQGGH[WUDO
VWULNHVOLSIDXOWLQJDORQJUHDFWLYDWHG3W\SHIDXOWVFRPSDUH)LJVDDQGE
&URVVVHFWLRQVUHYHDOWKDWWKHYLVFRXVPDWHULDOKDVDFFXPXODWHGLQWKHYLFLQLW\RIWKH
YHORFLW\GLVFRQWLQXLW\7KHFKDUDFWHULVWLFQHFNVZKLFKIRUPHGLQWKHVLOLFRQHSXWW\DVDUHVXOW
RIWUDQVWHQVLRQFRPSDUH)LJDQGDUH³¿OOHGXS´GXULQJWKLVVWDJH7KHWKLFNHQLQJRI
WKHYLVFRXVPDWHULDOLVVOLJKWO\PRUHSURQRXQFHGRQWKHVLGHRSSRVLWHWRWKHLQGHQWLQJSODWH
7KH3W\SHIDXOWVLQWKHJUDEHQFHQWUHDUHUHDFWLYDWHGLQGH[WUDOVWULNHVOLSPRGH7KH\VKRZ
DVLJQL¿FDQWO\FXUYHGWUDFHLQFURVVVHFWLRQ7KHFRQYHUJHQFHSRLQWRIERWKUHDFWLYDWHGDQG
QHRIRUPHG IDXOWV DW WKH YLVFRXV GpFROOHPHQW KRUL]RQ LV DOZD\V VLJQL¿FDQWO\ RIIVHW ZLWK
UHVSHFWWRWKHORFDWLRQRIWKHHGJHRIWKHEDVDOSODWH)LJ
6KRUWHQLQJ GXULQJ UHDFWLYDWLRQ XQGHU ORZHU GLVSODFHPHQW UDWHV LV WKHUHIRUH
FRPSHQVDWHG SUHGRPLQDQWO\ E\ WKLFNHQLQJ RI WKH YLVFRXV EDVH LQ WKH YLFLQLW\ RI WKH SUH
H[LVWLQJEDVDOGLVFRQWLQXLW\2QO\DVXERUGLQDWHDPRXQWRIWKLVVKRUWHQLQJLVWUDQVIHUUHGLQWR
IDXOW LQYHUVLRQZLWKLQ WKHEULWWOHFRYHU7KHUHGHIRUPDWLRQ LV VWURQJO\FRQFHQWUDWHGDORQJ
UHDFWLYDWHG3VKHDUV LQ WKH ULIW FHQWUH OHDGLQJ WR WKH GHYHORSPHQW RI YHUWLFDO VKHDU]RQHV
FURVVVHFWLRQVLQ)LJ

)DXOWUHDFWLYDWLRQLQEULWWOHYLFRXVV\VWHPV
GL VSO DFHPHQWPP
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
&KDSWHU
5HDFWLYDWLRQDWKLJKGLVSODFHPHQWUDWHVY FPK
5HDFWLYDWLRQ RI LQKHULWHG IDXOWVZLWKLQ WKH EULWWOH FRYHU LV REVHUYHG IURP WKH YHU\
EHJLQQLQJ RI WKH WUDQVSUHVVLYH GHIRUPDWLRQ VWDJH 1RUPDO IDXOWV LPPHGLDWHO\ EHFRPH
UHDFWLYDWHGDVGH[WUDO VWULNHVOLS IDXOWVZLWK D UHYHUVH FRPSRQHQW )LJD ,Q WKH LQLWLDO
VWDJHRIUHDFWLYDWLRQWKH\DFFRPPRGDWHPRVWRIWKHVKRUWHQLQJOHDGLQJWRWKHDOPRVWHQWLUH
LQYHUVLRQRIJUDEHQVWUXFWXUHV$IWHUPPGLVSODFHPHQWDOPRVWDOOIDXOWVRIERWK5DQG
3W\SHKDYHEHHQUHDFWLYDWHG)LJD7KH¿UVWVXUIDFHWKUXVWIDXOWVDSSHDUDWWKHPDUJLQRI
WKHZUHQFKFRUULGRU7KH\EUDQFKRIIIURPLQKHULWHG5W\SHIDXOWVDWWKHSHULSKHU\RIWKHULIW
DQGSURSDJDWHDZD\IURPWKHULIWLQDVWURQJO\FXUYHGOREDWHVKDSHGPDQQHUVHH³VXUIDFH
WKUXVWUHYHUVHIDXOW´LQ)LJD
$IWHUPPGLVSODFHPHQWHQGRIH[SHULPHQW)LJEWKHIRUPHUREOLTXHULIWKDV
EHHQXSOLIWHGDORQJWKUXVWIDXOWVWKDWKDYHSURSDJDWHGDZD\IURPWKHEDVHPHQWIDXOWWRHLWKHU
VLGH7KUXVWIURQWVKDYHZLGHO\FRDOHVFHGDQGSDUDOOHOHGWKHEDVDOGLVFRQWLQXLW\7KHVWUDLQ
HOOLSVHLQGLFDWHVVKRUWHQLQJRIWKHRULJLQDOULIWZLGWKE\VRPHVLJQL¿FDQWO\PRUHWKDQ
)LJSUHYLRXVSDJHD)DXOWSDWWHUQVRIDQREOLTXHULIWPRGHOWUDQVWHQVLRQDOZUHQFKIDXOWLQJH[SHULPHQW
25DIWHUPPRIWUDQVWHQVLRQ,OOXPLQDWLRQIURPWRSSDUWRI¿JXUH/RFDOGHSRFHQWHUVDUHIRUPHGE\OLQNDJH
RI5DQG3VKHDUVDVZHOODVE\WKHFRUUXJDWLRQRIIDXOWHQGV
E)DXOWSDWWHUQRIWKHVDPHH[SHULPHQWDIWHUVXEVHTXHQWWUDQVSUHVVLRQDOUHDFWLYDWLRQDWDORZGLVSODFHPHQW
UDWHRIFPKDQGPPGLVSODFHPHQW1RLQYHUVLRQRIWKHJUDEHQRFFXUUHG,OOXPLQDWLRQLVIURPDERYH
6WULNHVOLSIDXOWLQWRSSDUWRIWKHSLFWXUHUHSUHVHQWVERXQGDU\HIIHFWGXHWRODWHUDOFRQ¿QHPHQWRIWKHVLOLFRQH
SXWW\EXWGLGQRWDIIHFWVWUXFWXUHVHYROYLQJLQFHQWUDOULIW/RFDWLRQVRIFURVVVHFWLRQV)LJLQGLFDWHGU3 
UHDFWLYDWHG3W\SHIDXOW

F

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VLOLFRQH
VDQG VXUIDFH
DIWHU GHIRUPDWLRQ
GU\ VDQG
VLOLFRQH
VDQG VXUIDFH
DIWHU GHIRUPDWLRQ
GU\ VDQG
39&SODWH
VLOLFRQH
DQG VXUIDFH
DIWHU GHIRUPDWLRQ
GU\ VDQG
39&SODWH
39&SODWH
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)LJ&URVVVHFWLRQVWKURXJKDWUDQVSUHVVLYHO\
UHDFWLYDWHGREOLTXHULIWPRGHOORZGLVSODFHPHQW
UDWHH[SHULPHQW25)RUORFDWLRQVVHH)LJE
1XPEHUVWRLQGLFDWHWKHQDWXUHRIIDXOWVGXULQJ
WUDQVSUHVVLRQDO UHDFWLYDWLRQ  QRW UHDFWLYDWHG
5W\SH IDXOWV  UHDFWLYDWHG 3W\SH IDXOWV
 UHYHUVH IDXOWV IRUPHG GXULQJ WUDQVSUHVVLRQDO
UHDFWLYDWLRQ 5HDFWLYDWHG DQG QHRIRUPHG IDXOWV
DUH GUDZQZLWK WKLFNHU VWURNH1RWH WKH VOLJKWO\
WKLFNHQHG VLOLFRQH LQ WKH YLFLQLW\ RI WKH HGJH RI
WKHEDVDOSODWH

)DXOWUHDFWLYDWLRQLQEULWWOHYLFRXVV\VWHPV
GL VSO DFHPHQWPPGL VSO DFHPHQWPP
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&KDSWHU
GXULQJUHDFWLYDWLRQDWORZGLVSODFHPHQWUDWHV1HZO\IRUPHGGH[WUDOV\QWKHWLF5LHGHOW\SH
VWULNHVOLSIDXOWVDWDQJOHVRIZLWKUHVSHFWWRWKHEDVDOGLVFRQWLQXLW\EUDQFKRIIIURP
LQKHULWHG5W\SHIDXOWVDQGWHQGWROLQNZLWKUHDFWLYDWHG3VKHDUVLQWKHLQWHULRUSDUWRIWKH
REOLTXHJUDEHQ7KLVJLYHVWKHUHVXOWLQJFRDOHVFHGVWUXFWXUHDVOLJKWO\VLJPRLGDOVKDSH)LJ
E
,QFURVVVHFWLRQ)LJ WKHQHRIRUPHGUHYHUVHIDXOWVUHYHDODGLSDQJOHRIRQO\
LHFRQVLGHUDEO\OHVVWKDQWKHGLSRILQKHULWHGQRUPDOIDXOWV0RVWRIWKHVKRUWHQLQJ
LV WDNHQXSE\ WKHQHRIRUPHG UHYHUVH IDXOWV DV VRRQDV WKH\DSSHDUDW WKH VXUIDFHRI WKH
PRGHO5HDFWLYDWHGIDXOWVUHYHDOPXFKOHVVDFWLYLW\IURPWKLVSRLQWRQZDUG,QFURVVVHFWLRQV
QHRIRUPHG UHYHUVH IDXOWV HPDQDWH IURP WKH SUHH[LVWLQJ EDVHPHQW GLVFRQWLQXLW\$V WKH\
SURSDJDWHWRZDUGVWKHVXUIDFHWKH\LQWHUVHFWDQGRIIVHWLQKHULWHGQRUPDOIDXOWV7KHRIIVHW
VHJPHQWV DUH WKXV WUDQVSRUWHG LQ WKHKDQJLQJZDOORI UHYHUVH IDXOWV LH JUDEHQ VWUXFWXUHV
DUHQRWDFWLYHO\LQYHUWHGEXWSDVVLYHO\XSOLIWHGVHFWLRQV$$¶WR&&¶LQ)LJ1RWHWKDW
LQWKHKLJKGLVSODFHPHQWUDWHH[SHULPHQWERWKUHDFWLYDWHGDQGQHRIRUPHGIDXOWVFRQYHUJH
SUHFLVHO\DERYHWKHEDVDOGLVFRQWLQXLW\7KHUHWKHEDVDOVLOLFRQHSXWW\LVYLVLEO\WKLFNHQHG
DQGHYHQEHFRPHVLQYROYHGLQWKUXVWLQJ7KLVLVLQJUHDWFRQWUDVWWRWKHORZGLVSODFHPHQWUDWH
H[SHULPHQWFRPSDUH)LJXUHVDQG
)LJSUHYLRXVSDJH2EOLTXHULIWPRGHOWUDQVWHQVLRQDOZUHQFKIDXOWLQJH[SHULPHQW25WUDQVSUHVVLYHO\
UHDFWLYDWHGDWDKLJKGLVSODFHPHQWUDWHRIFPK&RPSDUH)LJIRUREOLTXHULIWVWDJHEHIRUHWUDQVSUHVVLRQDO
UHDFWLYDWLRQU5 UHDFWLYDWHG5W\SHIDXOWU3 UHDFWLYDWHG3W\SHIDXOWD'HIRUPDWLRQSDWWHUQDIWHUPP
RIWUDQVSUHVVLYHGLVSODFHPHQW,OOXPLQDWLRQLVIURPDERYHE'HIRUPDWLRQSDWWHUQDWWKHHQGRIWKHH[SHULPHQW
DIWHUPPRIGLVSODFHPHQW,OOXPLQDWLRQIURPWRSSDUWRI¿JXUH/RFDWLRQVRIFURVVVHFWLRQVDUHLQGLFDWHG
E\GDVKHGZKLWHOLQHV
$
$
VLOLFRQH
39&
GU\ VDQG
&
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VLOLFRQH
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GU\ VDQG

%
VDQG VXUIDFH
DIWHU GHIRUPDWLRQ
VLOLFRQH
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GU\ VDQG
VDQG VXUIDF
DIWHU GHIRUPDW RQ
H
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)LJ&URVVVHFWLRQVWKURXJKDWUDQVSUHVVLYHO\
GHIRUPHGREOLTXHULIWPRGHOKLJKGLVSODFHPHQW
UDWH H[SHULPHQW 25 )RU ORFDWLRQV VHH )LJ
E1XPEHUVWRLQGLFDWHWKHQDWXUHRIIDXOWV
GXULQJWUDQVSUHVVLRQDOUHDFWLYDWLRQUHDFWLYDWHG
5W\SH IDXOWV  UHDFWLYDWHG 3W\SH IDXOWV 
QHRIRUPHG UHYHUVH IDXOWV /RZHU FDVH OHWWHUV
LQGLFDWHUHODWLYHVHTXHQFHLQZKLFKWKHLQGLYLGXDO
IDXOWVDSSHDULQWKHVHFWLRQSODQHE\DORQJVWULNH
SURSDJDWLRQ 6WURNHV DQG GDVKHV FRUUHVSRQG WR
)LJ

)DXOWUHDFWLYDWLRQLQEULWWOHYLFRXVV\VWHPV
'LVFXVVLRQ
/LPLWDWLRQVRIWKHPRGHOV
6LQFHWKHOHQJWKVFDOHUDWLRRIRXUPRGHOVLVRQWKHRUGHURI/
§[VHH$SSHQGL[
WKHPRGHOVGRQRWHQFRPSDVVWKHHQWLUHDUHDRIWKH5%7=EXWRQO\UHSUHVHQWWKHNLQHPDWLF
VHWWLQJIRXQGZLWKLQDQDUHDRIE\NPHQFRPSDVVLQJRQHRUDIHZLQGLYLGXDOIDXOWV
ZLWKLQ WKLV WUDQVIHU ]RQH7KLV OLPLWV GLUHFW FRPSDULVRQ EHWZHHQ H[SHULPHQWV DQG QDWXUDO
VWUXFWXUHV+RZHYHU XVLQJ D ODUJHUPRGHO DUHD DQG SURSHUO\ VFDOLQJ WKH WKLFNQHVV RI WKH
VHGLPHQWVDWWKHVDPHWLPHSURYHGWREHLPSUDFWLFDO
)XUWKHUPRUHWKHDPRXQWVRIGLVSODFHPHQWDSSOLHGGXULQJERWKVWDJHVRIWKHH[SHULPHQW
DUHKLJKO\H[DJJHUDWHGZKHQFRPSDUHGWRWKH5%7=(VSHFLDOO\WKHGLVSODFHPHQWVDSSOLHG
GXULQJVWDJHJUHDWO\H[FHHGWKRVHREVHUYHGZLWKLQWKH5%7=+RZHYHUODUJHGLVSODFHPHQWV
ZHUHQHFHVVDU\LQRUGHUWRHDVHWKHGLVWLQFWLRQEHWZHHQLQKHULWHGDQGQHRIRUPHGVWUXFWXUHVLQ
WKHH[SHULPHQWV7KLVDJDLQOLPLWVDGLUHFWFRPSDULVRQRIWKHH[SHULPHQWVZLWKWKH5%7=
,QRUGHU WRDOORZ IRUDEHWWHUREVHUYDWLRQRI IDXOWSDWWHUQVGXULQJDOO VWDJHVRI WKH
H[SHULPHQWVQRVDQGZDV¿OOHGLQWRWKHVXEVLGLQJDUHDV6XFKDQDGGLWLRQDOORDGE\V\QULIW
VHGLPHQWDWLRQZRXOGFHUWDLQO\KDYHPRGL¿HGWKHSULQFLSDOVWUHVVHVGXULQJWKHWUDQVSUHVVLYH
VWDJHRIWKHH[SHULPHQWV$VVKRZQE\'XERLVHWDOWKHVHGLPHQWDU\¿OORIWKHJUDEHQ
FRQWUROVWKHSRVLWLRQRIWKHLQWHUPHGLDWHDQGOHDVWSULQFLSDOVWUHVVDQG±FRQVHTXHQWO\WKH
NLQHPDWLFVRIUHDFWLYDWHGQRUPDOIDXOWV$GGLWLRQDOORDGLQFUHDVHVWKHYHUWLFDOSULQFLSDOVWUHVV
KHQFHUHDFWLYDWHGIDXOWVWHQGWRKDYHDPRUHSURQRXQFHGVWULNHVOLSFRPSRQHQW&RQYHUVHO\
WKH\ ZLOO GLVSOD\ D JUHDWHU UHYHUVH FRPSRQHQW LQ WKH DEVHQFH RI DGGLWLRQDO RYHUEXUGHQ
+RZHYHUVLQFHWKHDPRXQWRIULIWUHODWHGVHGLPHQWDWLRQLVVPDOOZLWKLQLQWKH5%7=WKLV
SDUWLFXODUUHVWULFWLRQGRHVQRWVLJQL¿FDQWO\OLPLWWKHDSSOLFDWLRQRIWKHPRGHOV
5KHRORJLFDODQGNLQHPDWLFLPSOLFDWLRQV
%HIRUHGLVFXVVLQJSRVVLEOHDSSOLFDWLRQVRIRXUPRGHOVWRWKHFDVHRIWKH5%7=ZH
GLVFXVV VRPH LPSRUWDQW LPSOLFDWLRQV RI JHQHUDO JHRORJLFDO LQWHUHVW$QDORJXH PRGHOOLQJ
FOHDUO\VKRZHGWKDWWUDQVSUHVVLRQDOUHDFWLYDWLRQRISUHH[LVWLQJIDXOWVUHVXOWLQJIURPREOLTXH
ULIWLQJLQDEULWWOHFRYHURYHUO\LQJDYLVFRXVGpFROOHPHQWOD\HULVVWURQJO\GHSHQGHQWRQWKH
DSSOLHGGLVSODFHPHQWUDWH
,Q WKH ORZ GLVSODFHPHQW UDWH H[SHULPHQWV  WR  FPK WKH YLVFRXV OD\HU
DFFRPPRGDWHV D ODUJH DPRXQW RI VKRUWHQLQJ E\ GXFWLOH LH QRW ORFDOLVHG GHIRUPDWLRQ
5HDFWLYDWLRQ RI IDXOWV LQ WKH EULWWOH FRYHU LV LQVLJQL¿FDQW H[FHSW IRU GH[WUDOO\ UHDFWLYDWHG
3VKHDUV LQ WKH ULIW FHQWUH 7KH JUDEHQ LWVHOI UHPDLQV QRQLQYHUWHG 2QO\ IHZ VXUIDFH
WKUXVWVZKLFKDUHWUDQVIHUUHGDORQJLQKHULWHG5W\SHIDXOWVIRUPGXULQJDODWHUVWDJHRIWKH
GHIRUPDWLRQH[SHULPHQW25)LJE&URVVVHFWLRQV)LJUHYHDOWKDWWKHEDVDOVLOLFRQH
DFFXPXODWHVLQWKHYLFLQLW\RIWKHEDVDOGLVFRQWLQXLW\

&KDSWHU
&RQYHUVHO\UHDFWLYDWLRQRISUHH[LVWLQJIDXOWVLVIDYRXUHGXQGHUKLJKHUGLVSODFHPHQW
UDWHVFPK7KHYLVFRXVEDVDO OD\HU LPPHGLDWHO\ WUDQVPLWV WKHVKRUWHQLQJWR WKHEULWWOH
FRYHU$OPRVWDOOSUHH[LVWLQJIDXOWVDUHUHDFWLYDWHGDVGH[WUDOIDXOWVZLWKDVXEVWDQWLDOUHYHUVH
FRPSRQHQW*UDEHQVWUXFWXUHVDVZHOODVSXOODSDUWEDVLQVDUHFRPSOHWHO\LQYHUWHG'XULQJ
DQDGYDQFHGVWDJHRIGHIRUPDWLRQVKRUWHQLQJLVWDNHQXSE\QHRIRUPHGWKUXVWIDXOWVZKLFK
HPDQDWH IURP WKHEDVDOGLVFRQWLQXLW\DQGSURSDJDWHRXWZDUG IURP WKHREOLTXH ULIW7KHVH
LQLWLDOO\VWURQJO\FXUYHGWKUXVWIDXOWVFRDOHVFHLQWRWKUXVWIURQWVSDUDOOHOWRWKHWUHQGRIWKH
EDVHPHQWIDXOW7KHWKUXVWIDXOWVW\SLFDOO\FURVVFXWSUHH[LVWLQJQRUPDOIDXOWVZLWKORZHUGLS
DQJOHVVHFWLRQV$$¶%%¶LQ)LJH[SHULPHQW25ZLGHQLQJWKHGHIRUPHGEHOW
$SSOLFDWLRQVRIWKHPRGHOOLQJUHVXOWVWRDSRVVLEOHWUDQVSUHVVLYHUHDFWLYDWLRQRI
WKH5%7=
,QWKLVVHFWLRQRXUH[SHULPHQWDOUHVXOWVDUHFRQIURQWHGZLWKVWUXFWXUHVLQWKH5%7=
:HUHVWULFWWKLVFRPSDULVRQWRWKHDXWRFKWKRQRXV0HVR]RLFZKHUHVKRUWHQLQJUHODWHGWR/DWH
0LRFHQHWR3OLRFHQHWKLQVNLQQHG-XUDIROGLQJFDQEHODUJHO\H[FOXGHG
$VGHVFULEHGLQVHFWLRQDSXUHO\WKLQVNLQQHGRULJLQRIWKH³$YDQW0RQWWKUXVW´
³$0´LQ)LJLQWKHDXWRFKWKRQRXV0HVR]RLFLVXQOLNHO\7KH$YDQW0RQWWKUXVWUHVHPEOHV
WKHWKUXVWIURQWVZKLFKIRUPHGGXULQJWKHUHDFWLYDWLRQVWDJHLQRXUKLJKGLVSODFHPHQWUDWH
H[SHULPHQWVWUHQGLQJSDUDOOHOWRWKHEDVDOGLVFRQWLQXLW\+RZHYHULQWKHKLJKGLVSODFHPHQW
UDWHH[SHULPHQWVVXFKWKUXVWIURQWVGHYHORSRQO\DIWHUVKRUWHQLQJDPRXQWVWKDWKLJKO\H[FHHG
WKRVHH[SHFWHGGXULQJWKHSRVWXODWHGGH[WUDOLQYHUVLRQRIWKH5%7=)LJDE2QWKHRWKHU
KDQGWKHORZGLVSODFHPHQWUDWHH[SHULPHQWV25)LJEDQGGHPRQVWUDWHGWKDWFRYHU
IDXOWVWUHQGLQJVXE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7KHFLW\RI%DVHO IRU LQVWDQFHKDVEHHQ UHSHDWHGO\
KDUPHGE\HDUWKTXDNHVLQPHGLHYDOWLPHV7KHPRVWVHYHUHHDUWKTXDNHRFFXUUHGLQ$'
ZLWKDQHVWLPDWHGHSLFHQWUDOLQWHQVLW\EHWZHHQ,;DQG;0D\HU5RVDDQG&DGLRWDQG
UHVXOWHGLQWKHDOPRVWFRPSOHWHGHVWUXFWLRQRIWKHFLW\'HVSLWHGHGLFDWHGUHVHDUFK0H\HU
HWDO1LYLqUHDQG:LQWHU0HJKUDRXLHWDO/DPEHUWHWDO WKH
VHLVPLFVRXUFHRIWKH$'HDUWKTXDNHVWULNHVOLSWKUXVWRUQRUPDOIDXOW"KDVQRW\HW
EHHQXQDPELJXRXVO\LGHQWL¿HG7KHUHLVDOVRQRJHQHUDODJUHHPHQW\HWZKHWKHUWKHFXUUHQWO\
RQJRLQJ GHIRUPDWLRQ LQ WKH QRUWKZHVWHUQ$OSLQH IRUHODQG LV DIIHFWLQJ SUHGRPLQDQWO\ WKH
VHGLPHQWDU\ FRYHU ³WKLQVNLQQHG´ WHFWRQLFV RU EDVHPHQW DQG FRYHU WR VDPH DPRXQWV
³WKLFNVNLQQHG´6ROYLQJWKLVTXHVWLRQLVDNH\LVVXHIRUVHLVPLFKD]DUGDVVHVVPHQWVWXGLHV
ZKLFKUHTXLUHWKHGHWDLOHGNQRZOHGJHRISUHVHQWGD\IDXOWNLQHPDWLFV7KLVVWXG\FRQWULEXWHV
WR WKLVGHEDWHE\FRPELQLQJQHZUHVXOWV IURPWKH IROORZLQJGDWDVHWV JHRPRUSKRORJLF
REVHUYDWLRQV  NLQHPDWLFGDWD IURP IDXOWVOLS DQDO\VLV DQG  HYLGHQFH IURP UHÀHFWLRQ
VHLVPLF OLQHVDQGQHZO\FRPSLOHGVXEVXUIDFHPDSV7KHUHVXOWVSUHVHQWHGKHUHIDYRXU WKH
LQWHUSUHWDWLRQWKDWEDVHPHQWURRWHGLHWKLFNVNLQQHGWHFWRQLFVDUHGRPLQDQWVLQFHWKH/DWH
3OLRFHQHZKHUHDV-XUDW\SHGpFROOHPHQWWHFWRQLFVPD\KDYHFHDVHGDWDERXWWKDWWLPH7KH
VWUHVV¿HOGHYROXWLRQLQWKHVHGLPHQWDU\FRYHULVGLVFXVVHGE\FRPSDULQJ³SDODHRVWUHVVHV´
GHULYHGIURPWKHIDXOWVOLSGDWDSUHVHQWHGLQFKDSWHUDQGUHFHQWVWUHVVHV(YHQWXDOO\LWLV
GLVFXVVHGZKHWKHUWKHREVHUYHGVWUXFWXUHVFRXOGEHUHODWHGWRDQLQFLSLHQWDQGSRWHQWLDOO\
VHLVPRJHQLFLQYHUVLRQRIWKH3HUPR&DUERQLIHURXVWURXJKV\VWHPLQWKHVXEVXUIDFH
*HRORJLFDOVHWWLQJ
7KH VWXG\ DUHD )LJ  LV ORFDWHG DW WKH MXQFWLRQ RI WKH VRXWKHUQPRVW 85* DQG
WKH QRUWKHUQ -XUD IROG DQG WKUXVW EHOW %RWK WKH JHRJUDSK\ DQG WKH JHRORJLFDO IUDPH DUH
VXI¿FLHQWO\H[SODLQHGLQWKHSUHYLRXVFKDSWHUVRIWKLVWKHVLV6RPHIDPLOLDULW\ZLWKWKHVHLV
DVVXPHGDVDUHSHWLWLRQLVDYRLGHGKHUH
7KH RULHQWDWLRQ RI PD[LPXP KRUL]RQWDO VWUHVVHV 6+PD[ LQ WKH QRUWKZHVWHUQ
$OSLQHIRUHODQGLQIHUUHGIURPWKHLQYHUVLRQRIVHLVPRWHFWRQLFGLVORFDWLRQVLVFRQVLVWHQWO\
1:RULHQWHG3OHQH¿VFKDQG%RQMHU'HLFKPDQQHWDO5HLQHFNHUHWDO
.DVWUXSHWDO7KHSUHIHUUHGIRFDOPHFKDQLVPLVVWULNHVOLS IDXOWLQJGRZQ WRF
NPDQGSUHGRPLQDQWO\QRUPDOIDXOWLQJIURPNPGRZQWRWKH02+2,QDOOWKHVHFDVHV
WKHH[WHQVLRQD[HVVKRZDYHU\VWDEOH1(6:RULHQWDWLRQ2QWKHRWKHUKDQG6+PD[LQWKH
VHGLPHQWDU\ FRYHU GHGXFHGSULPDULO\ IURP LQVLWX VWUHVVPHDVXUHPHQWV LV UDWKHU1: WR
11(RULHQWHG%DXPDQQ0OOHUHWDO%HFNHU%HFNHU5HLQHFNHU
HWDODQGGHFRXSOHGIURPWKHEDVHPHQWFRPSULVLQJFU\VWDOOLQHEDVHPHQWDQG3HUPR
&DUERQLIHURXVWURXJKVDORQJUKHRORJLFDOO\ZHDN0LGGOHDQG8SSHU7ULDVVLFHYDSRULWHOD\HUV
3RVW/DWH3OLRFHQHWKLFNVNLQQHGWHFWRQLFV

SDUWLFXODUO\ZHOOGRFXPHQWHGLQWKHQRUWKHUQ)ROGHG-XUD0OOHUHWDO,WLVWKHUHIRUH
VWLOOXQGHUGLVSXWHZKHWKHUWKHFXUUHQWO\REVHUYHGGHIRUPDWLRQUHSUHVHQWVWKHDFWLYHO\RQJRLQJ
SURSDJDWLRQRIWKHWKLQVNLQQHG-XUDIROGDQGWKUXVWEHOW1LYLqUHDQG:LQWHU0OOHU
HWDORUZKHWKHU LW LV UHODWHG WRDQHQWLUHO\QHZWKLFNVNLQQHGSKDVH0H\HUHWDO
/RSHV&DUGR]RDQG*UDQHW*LDPERQLHWDOD8VWDV]HZVNLHWDO
7KHQRUWKZHVWHUQ$OSLQHIRUHODQGLVFKDUDFWHULVHGE\FRQYHUJHQFHUDWHVLQWKHRUGHURIOHVV
WKDQPPD0OOHUHWDOW\SLFDORIDQLQWUDSODWHVHWWLQJEXWJHRGHWLFPHDVXUHPHQWV
DUHVWLOODWWKHOLPLWRIVLJQL¿FDQFH7HVDXURHWDO
)LHOGHYLGHQFHIRUSRVW/DWH3OLRFHQHWHFWRQLFV
)OXYLDO JUDYHOV RI0LGGOH WR/DWH3OLRFHQH DJH FURSSLQJ RXW LQ WKH VRXWKHUQPRVW
85*DQG WKHDGMDFHQW -XUD0RXQWDLQVSOD\DNH\ UROH LQGHFLSKHULQJ WKH WHFWRQLFVSRVW
GDWLQJ WKH PDLQ SKDVH RI -XUD IROGLQJ 7KHVH VRFDOOHG 6XQGJDX JUDYHOV XQFRQIRUPDEO\
RYHUOLHERWKWKH3DODHRJHQHV\QULIWVHGLPHQWVLQWKH85*DQGWKHDXWRFKWKRQRXV0HVR]RLF
LQWKH7DEXODU-XUDRIWKH$MRLH7KH6XQGJDXJUDYHOVZHUHGHSRVLWHGE\DVKDOORZEUDLGHG
ULYHUGUDLQLQJZHVWZDUGDFURVVWKHUHJLRQRIVRXWKHUQ$OVDFH³6XQGJDX´WRZDUGVWKH%UHVVH
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WKUXVW IDXOW
QRUPDO WHDU RU
VWULNHVOLS IDXOW
)LJWHFWRQLFRYHUYLHZPDSRIWKH6(FRUQHURIWKH8SSHU5KLQH*UDEHQDURXQG%DVHO3DWWHUQVIRUWHFWRQLF
XQLWVDQGIDXOWW\SHVDUHLGHQWLFDOWR)LJLQFKDSWHU$QWLFOLQHFUHVWVDUHQRWVKRZQIRUUHDVRQVRIOHJLELOLW\
6XSHULPSRVHGDUHWKHVKRUWHQLQJGLUHFWLRQVGHULYHGIURPWKHIDXOWVOLS³SDODHRVWUHVV´DQDO\VLVSUHVHQWHGLQ
FKDSWHUFRQYHUJLQJJUH\DUURZV$OVRVKRZQDUHWKHUHFHQWVWUHVVHVWDNHQIURPWKHUHOHDVHRIWKH:RUOG
6WUHVV0DSSURMHFW5HLQHFNHUHWDO7KHGHSWKRIHDFKHYHQWLVLQGLFDWHGLQNP7KHQHDUVXUIDFHGDWDLQ
WKHVHGLPHQWDU\FRYHUVWHPIURPERUHKROHLQVLWXVWUHVVPHDVXUHPHQWVZKHUHDVHYHQWVGHHSHUWKDQNPVWHP
IURPWKHLQYHUVLRQRIVHLVPRWHFWRQLFGDWD7KH6+PD[RULHQWDWLRQVIURPQHDUVXUIDFHHYHQWVWHQGWRSDUDOOHOWR
WKH³SDODHRVWUHVV´GLUHFWLRQVGHWHUPLQHG IURP WKH IDXOWVOLSGDWDSDUWLFXODUO\ LQ WKHGHWDFKHG0HVR]RLFDQG
LQWKHDXWRFKWKRQRXV0HVR]RLFLQWKH$MRLH6+PD[RULHQWDWLRQVIURPVHLVPRWHFWRQLFVRQWKHRWKHUKDQGDUH
SUHGRPLQDQWO\1:6(RULHQWHG
&KDSWHU

*UDEHQ DQG HYHQWXDOO\ LQWR WKH0HGLWHUUDQHDQ6HD7KH VWUDWLJUDSKLF DJHRI WKH6XQGJDX
JUDYHOVUDQJHVIURPWR0D3HWLWHWDO$WWKLVWLPHWKHGUDLQDJHGLYLGHEHWZHHQ
WKH1RUWKDQGWKH0HGLWHUUDQHDQ6HDVZDVORFDWHGDWWKH.DLVHUVWXKOYROFDQRDSSUR[LPDWHO\
NP1RIWKHDUHDLQYHVWLJDWHG7KHDEDQGRQPHQWRIWKHULYHUEHGRFFXUUHGSRVW0D
ZKHQWKHGUDLQDJHGLYLGHVKLIWHGVRXWKZDUGLQWRWKH6XQGJDX7KHVRXWKZDUGPLJUDWLRQRI
WKHZDWHUGLYLGHRFFXUUHGHLWKHUGXHWRDVORZGRZQRUWKHHQGRIXSZDUSLQJRIWKH9RVJHV
%ODFN)RUHVWDUFK'q]HVHWDORUGXHWRDFFHOHUDWHGVXEVLGHQFHLQWKHQRUWKHUQ85*
FRQFRPLWDQWZLWKORZHULQJRIWKHORFDOEDVHOHYHODQGVXEVHTXHQWUHJUHVVLYHHURVLRQ'RHEO
6FKXPDFKHU*LDPERQLHWDOE
7KH WKLFNQHVV RI WKH JUDYHOV YDULHV EHWZHHQ  DQG P 7KpREDOG HW DO 
/LQLJHU D /LQLJHU E 5XKODQG HW DO  7KH\ FRQVLVW RI SUHGRPLQDQWO\
FODVWVXSSRUWHG FUXGHO\EHGGHGJUDYHOEHGVZLWKD VKLIWLQJQHWZRUNRI VKDOORZFKDQQHOV
,QWHUFDODWLRQVRI VDQG OHQVHV DUH IRXQGRQO\RFFDVLRQDOO\7KHVH VHGLPHQWRORJLFDO FULWHULD
VXJJHVWWKDWGHSRVLWLRQRFFXUUHGRQDQHDUO\SODQDUDQGKRUL]RQWDOVXUIDFHZKLFKFDQEHXVHG
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0HDQ VWUHVV
.DVWUXS HW DO 
6+PD[
6KPLQ
DQWLFOLQH VXUIDFH IDXOW
6XQGJDX
JUDYHOV
FRQWRXUV RI 6XQGJDX JUDYHOV EDVH
LVROLQH GLVWDQFH  PV\QFOLQH
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)LJ 
)LJFRQWRXUPDSRIWKHEDVHRIWKH/DWH3OLRFHQH6XQGJDXJUDYHOVLQPHWUHVDERYHVHDOHYHODIWHU*LDPERQL
HW DO D 'DWD RQ WKH UHFHQW VWUHVV ¿HOG FRPSULVH LQVLWX VWUHVV PHDVXUHPHQWV DQG HDUWKTXDNH IRFDO
PHFKDQLVPVH[WUDFWHGIURPWKH:RUOG6WUHVV0DSSURMHFWUHOHDVH5HLQHFNHUHWDO7KHQXPEHUV
QH[WWRWKHVWUHVVV\PEROVLQGLFDWHWKHGHSWKRIWKHHYHQWVLQNP7KHWUDFHVRIWKHFURVVVHFWLRQVWR)LJ
DUH LQGLFDWHG7KHFOXVWHUHGHYHQWV LQ WKH1(FRUQHUFRUUHVSRQG WR WKH6LHUHQW]HDUWKTXDNHVZDUP
%RWWRPULJKWLQVHWNLQHPDWLFVNHWFKRIWKH,OOIXUWKIDXOWDQGLWVVRXWKHUQFRQWLQXDWLRQH[SODLQLQJRFFXUUHQFHRI
UHVWUDLQLQJDQGUHOHDVLQJEHQGV
3RVW/DWH3OLRFHQHWKLFNVNLQQHGWHFWRQLFV

DVDUHIHUHQFHSODQHIRUGHFLSKHULQJYHUWLFDOWHFWRQLFPRYHPHQWVWKDWSRVWGDWHWKHGHSRVLWLRQ
RI WKHJUDYHOV&RQWRXULQJ WKHEDVHRI WKH6XQGJDXJUDYHOV UHYHDOHGDQDUUD\RIV\QDQG
DQWLFOLQHVZLWKDYHUDJHDPSOLWXGHVRIPDQGPD[LPXPDPSOLWXGHVRIXSWRPLQ
WKHVRXWKZHVW WHVWLI\LQJ WRSRVW/DWH3OLRFHQHKRUL]RQWDO VKRUWHQLQJDQGYHUWLFDOXSOLIW LQ
WKHDUHDRIWKHVRXWKHUQPRVW85**LDPERQLHWDOD7KHIROGDPSOLWXGHVH[FHHGWKH
DYHUDJHJUDYHOWKLFNQHVVE\XSWRDQRUGHURIPDJQLWXGHPDNLQJLWWKXVKLJKO\XQOLNHO\WKDW
WKHIROGVUHSUHVHQWPHUHO\WKHLQ¿OOLQJRIDSUHH[LVWLQJWRSRJUDSK\7KHFRQWRXUVRIWKHEDVH
RIWKH6XQGJDXJUDYHOVDQGWKHRULHQWDWLRQVRIUHFHQWVWUHVVHVDUHVKRZQLQ)LJ7KHUHFHQW
VWUHVVHVZHUHGHULYHGIURPWKH:RUOG6WUHVV0DSSURMHFW 5HLQHFNHUHWDODQGDUH
LQIHUUHGIURPHDUWKTXDNHIRFDOPHFKDQLVPVDQGLQVLWXVWUHVVPHDVXUHPHQWV7KHGHSWKRIWKH
HYHQWVLQNLORPHWUHVLVSORWWHGQH[WWRHDFKV\PERO7ZRGDWDVHWVGHULYHGIURPSDODHRVWUHVV
DQDO\VLVGDWDVHWVDQGSUHVHQWHGLQFKDSWHUDUHDOVRSORWWHG7KHPHDQVWUHVVUHJLPH
UHYHDOV VWULNHVOLS FKDUDFWHULVWLFV DQG DPD[LPXPKRUL]RQWDO VWUHVV 6+PD[ DURXQG
.DVWUXSHWDO(YLGHQWO\WKH6XQGJDXJUDYHOIROGVWUHQGSHUSHQGLFXODUWR6+PD[
(VWLPDWLQJGLVSODFHPHQWUDWHV
,QRUGHU WRTXDQWLI\ WKHDPRXQWRIKRUL]RQWDOVKRUWHQLQJUHFRUGHGE\ WKH6XQGJDX
JUDYHOVWKUHHFURVVVHFWLRQVWKURXJKWKHLUJHQWO\IROGHGEDVHKDYHEHHQFRPSLOHGDQGUHVWRUHG
)LJ3UR¿OHVDQGFURVVWKHWZRHQpFKHORQDOLJQHGDQWLFOLQHV&URVVVHFWLRQUXQV
HDVWRIWKH,OO9DOOH\DQGWUDYHUVHVVHYHUDOVLPLODUO\WUHQGLQJV\QDQGDQWLFOLQHV7KHFURVV
VHFWLRQVDUHSHUSHQGLFXODUWRWKHLVRK\SVHVDQGDSSUR[LPDWHO\SDUDOOHOWRWKHUHFHQW6+PD[
7KHVKRUWHQLQJRIWKHEDVH6XQGJDXJUDYHOVYDULHVEHWZHHQFURVVVHFWLRQDQGFURVV
VHFWLRQDFURVVWKHWUDQVHFWV$VVXPLQJWKDWWKHVKRUWHQLQJFRPPHQFHGDWDURXQG0D
EHIRUH SUHVHQW WKHPLQLPXP DJH RI WKH 6XQGJDX JUDYHOV \LHOGV KRUL]RQWDO GLVSODFHPHQW
UDWHVLQWKHRUGHURIPPDIRUDOOWKUHHFURVVVHFWLRQVFRQVLGHUHG
7KHYHUWLFDOXSOLIWUDWHVFDQEHVWEHHVWLPDWHGDORQJWKHHQpFKHORQDQWLFOLQHVZKHUH
WKH DPSOLWXGH RI WKH /DWH 3OLRFHQH JUDYHO EDVH LV LQ WKH RUGHU RI P $VVXPLQJ WKDW
JURZWKRIWKHDQWLFOLQHEHJDQDIWHUWKHGHSRVLWLRQRIWKHJUDYHOVPLQLPXPDJH0D3HWLW
HWDOJLYHVDOVRDQDYHUDJHXSOLIWUDWHLQWKHRUGHURIPPD7KLVHVWLPDWHLVLQ
DJUHHPHQWZLWK XSOLIW UDWHV GHGXFHG IURP XSOLIWHG 3OHLVWRFHQH DOOXYLDO WHUUDFHV DORQJ WKH
5KLQHWULEXWDULHV/DUJXH,OODQG7KDOEDFKLQWKH6XQGJDX*LDPERQLHWDOE
/HIWODWHUDOVWULNHVOLSIDXOWLQJDORQJ11(RULHQWHGIDXOWV
$Q LVRODWHG DQWLFOLQH LQ WKH EDVH RI WKH 6XQGJDX JUDYHOV ZLWK DQ DPSOLWXGH RI
DSSUR[LPDWHO\PLV ORFDWHGDWDNLQNRI WKH,OOIXUWKIDXOW )LJ ,Q WKHFXUUHQWVWUHVV
¿HOGWKH,OOIXUWKIDXOWLVIDYRXUDEO\RULHQWHGWRDFFRPPRGDWHVLQLVWUDOVWULNHVOLSPRWLRQ7KH
LVRODWHGDQWLFOLQHWKXVIRUPHGDWDUHVWUDLQLQJEDQGRIWKH,OOIXUWKIDXOWIDUULJKWLQVHWLQ)LJ
)XUWKHUWRWKH6LQWKH/DUJXHYDOOH\FRQMXJDWHQRUPDOIDXOWVDIIHFWWKH6XQGJDXJUDYHO
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QRUPDOIDXOWVLVLQWHUSUHWHGWRKDYHRFFXUUHGDWDUHOHDVLQJEHQGEHWZHHQWKHRYHUVWHSSLQJ
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3RVW/DWH3OLRFHQHWKLFNVNLQQHGWHFWRQLFV

,VWKHGHIRUPDWLRQRQJRLQJDWSUHVHQW"
7KH3RVW/DWH3OLRFHQHVKRUWHQLQJ LVPRVWVWURQJO\PDQLIHVWHGDURXQG WKH WZRHQ
pFKHORQDOLJQHGGRXEO\SOXQJLQJSHULDQWLFOLQHVDWWKH85*±7DEXODU-XUDERXQGDU\,Q)LJ
DOOJHRORJLFDODQGJHRPRUSKRORJLFGDWD IURPWKLVDUHDKDYHEHHQFRPSLOHG6KRUWHQLQJ
GLUHFWLRQVGHULYHGIURPSDODHRVWUHVVDQDO\VLVVHHFKDSWHUDUHURXJKO\16RULHQWHG)LJ
D7KHWZRDQWLFOLQHVIRUPYHU\FRQVSLFXRXVWRSRJUDSKLFDOIHDWXUHVDQGVWDQGRXWFOHDUO\RQ
DVKDGHGUHOLHIPDS)LJEDQGF7KHWRSRJUDSK\RIWKHDQWLFOLQHVKDVHVVHQWLDOO\UHVXOWHG
IURPIROGLQJRI WKH0HVR]RLFVHGLPHQWV7KLV LVVHHQLQ WKHFORVHFRUUHODWLRQEHWZHHQWKH
WUHQGRI WKHKLOO VORSHVDQG WKHGLSGLUHFWLRQVDQGDQJOHVPHDVXUHG LQ8SSHU-XUDVVLFDQG
3DODHRJHQHVHGLPHQWVDURXQGWKH WZRDQWLFOLQHV)LJF7KHFRQWRXUVRI WKHEDVHRI WKH
6XQGJDXJUDYHOV)LJGDOVRFRUUHODWHYHU\FORVHO\ZLWKWKHWRSRJUDSK\VKRZLQJWKDWWKH
WRSRJUDSK\ZDVFUHDWHGDIWHUWKHGHSRVLWLRQRIWKH6XQGJDXJUDYHOV0RUHRYHUWKH$OODLQH
DQG&RXHYDWWHULYHUVDUHGHÀHFWHGDZD\IURPWKHFHQWUHRIWKH)ORULPRQWDQWLFOLQHDVWKH\
FURVVLWVKLQJH7KLVVXJJHVWVWKDWWKHJURZWKRIWKHDQWLFOLQHDQGWKHSURSDJDWLRQRIWKHFUHVW
WRHLWKHUHQGVPLJKWKDYHFRQWLQXHGXSWRWKHSUHVHQW
VDQG OD\HU VDQG OD\HU
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)LJ 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D FRQMXJDWH QRUPDO
IDXOWV DIIHFWLQJ WKH /DWH
3OLRFHQH 6XQGJDX JUDYHOV
,QWHUFDODWHGVDQGOHQVHVLQWKH
JUDLQVXSSRUWHG JUDYHOV DQG
R[LGHVWDLQVVHUYHDVPDUNHUV
6HH )LJ  IRU ORFDWLRQ
E VDQG OD\HU DIIHFWHG E\
FP WR GPVFDOH FRQMXJDWH
QRUPDOIDXOWV2XWVLGHRI WKH
IDXOWHG VDQG OD\HU WKH VKHDU
]RQH LV WUDFHDEOH E\ URWDWHG
DQG EURNHQ SHEEOHV F
VWHUHRJUDSKLF UHSUHVHQWDWLRQ
RI WKH IDXOWV DQG RI WKH
VKRUWHQLQJ DQG H[WHQVLRQ
D[HVGHULYHGE\WKH³%LVHFWRU
PHWKRG´ FI FKDSWHU 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)LJ 
)LJDVLPSOL¿HGJHRORJLFDOPDSDQGSDODHRVWUHVVRULHQWDWLRQVIURPIDXOWVOLSGDWDLQWKHYLFLQLW\RIWKHHQ
pFKHORQDOLJQHGDQWLFOLQHV$UURZVDQGQXPEHULQJFRUUHVSRQGWRIDXOWVOLSGDWDSUHVHQWHGLQFKDSWHUE6KDGHG
UHOLHIPDSVKRZLQJWKHMXYHQLOHPRUSKRORJ\RIWKHWZRDQWLFOLQHV1RWHWKHGHÀHFWLRQRIWKH$OODLQHDQG&RHXYDWWH
ULYHUVDURXQGWKHIROGKLQJHV'LJLWDOWHUUDLQPDSUHSURGXFHGE\SHUPLVVLRQRIVZLVVWRSR%$F'LS
GLUHFWLRQVDQGDQJOHVRIEHGGLQJSODQHVPHDVXUHGLQ0HVR]RLFDQG3DODHRJHQHVHGLPHQWVG&RQWRXUHGEDVHRI
WKH6XQGJDXJUDYHOV7RSOHIWLQVHWUHFHQWVWUHVV¿HOG.DVWUXSHWDO
3RVW/DWH3OLRFHQHWKLFNVNLQQHGWHFWRQLFV

6XEVXUIDFHHYLGHQFHIRUFRPSUHVVLYHO\UHDFWLYDWHGEDVHPHQWIDXOWV
0DSRIWKHEDVHRIWKH7HUWLDU\VXUIDFH
,QRUGHUWRLQYHVWLJDWHZKHWKHUEDVHPHQWIDXOWVLQWKH85*ZHUHUHDFWLYDWHGXQGHU
FRPSUHVVLRQDIWHU3DODHRJHQHH[WHQVLRQDFRQWRXUPDSRIWKHEDVHRIWKH7HUWLDU\VXUIDFH
IURPQRZRQEDVH7HUWLDU\IRUVKRUWDQGRIWKHIDXOWVGLVVHFWLQJLWZDVFRPSLOHGLQGXVWU\
W\SH UHÀHFWLRQ VHLVPLF OLQHV ORFDWHG LQ WKH VRXWKHUQPRVW85*DQG WKH VRXWKHUO\ DGMDFHQW
7DEXODUDQG)ROGHG-XUDERWWRPFHQWUHLQVHWLQ)LJZHUHDYDLODEOHIRULQWHUSUHWDWLRQ7HQ
H[SORUDWLRQZHOOV6FKPLGWHWDO%5*0XQSXEOLVKHGDUHDOLJQHGDORQJRUFORVHWRWKH
VHLVPLFOLQHVDQGHQDEOHGWKHFRUUHODWLRQRIVHLVPLFUHÀHFWRUVZLWKWKHOLWKRORJLHVHQFRXQWHUHG
LQ H[SORUDWLRQ ZHOOV )RXU RI WKH ZHOOV WKDW SHQHWUDWHG WKURXJK WKH 7HUWLDU\ VXFFHVVLRQ
SHUPLWWHG D FDOFXODWLRQ RI VHLVPLF LQWHUYDO YHORFLWLHV )LJ  7KH EDVH RI WKH 7HUWLDU\
VXFFHVVLRQLVPDUNHGE\DQXQFRQIRUPLW\ZKLFKJLYHVULVHWRDGLVFUHWHUHÀHFWRUGXHWRKLJK
DFRXVWLF LPSHGDQFH FRQWUDVWV EHWZHHQ WKH XSSHUPRVW 0HVR]RLF PRVWO\ OLPHVWRQHV DQG
ORZHUPRVW7HUWLDU\OD\HUVRIWHQVLGHUROLWKLFFOD\V2FFDVLRQDOO\DQDQJXODUXQFRQIRUPLW\
LV GHYHORSHG $IWHU LGHQWL¿FDWLRQ RI WKH EDVH7HUWLDU\ RQ WKH VHLVPLF OLQHV LWV GHSWK LQ
VHFRQGVWZRZD\WUDYHOWLPHV7:7ZDVSORWWHGRQDPDSDQGFRQWRXUHGPDQXDOO\,QD
QH[WVWHSWKHFRQWRXUVZHUHGHSWKFRQYHUWHGXVLQJVHLVPLFYHORFLWLHVREWDLQHGIURPVHYHUDO
H[SORUDWLRQZHOOV)LJ,QWKHQRUWKZHVWHUQSDUWWKHEDVH7HUWLDU\FRQWRXUPDSZDVOLQNHG
WRDVWUXFWXUDOPRGHORIWKH'DQQHPDULH%DVLQ%RXUJHRLVHWDO7KHEDVH7HUWLDU\
FRQWRXUVDUHVKRZQDVLVROLQHVLQPHWUHVDERYHVHDOHYHOZLWKDGLVWDQFHRIXVXDOO\P
)LJ7RZDUGVWKH-XUDIURQWZKHUHWKHEDVH7HUWLDU\VXUIDFHFDQEHGLUHFWO\REVHUYHGLQ
RXWFURSWKHFRQWRXUVDUHGUDZQLQLQWHUYDOVVPDOOHUWKDQP,QWKHVRXWKHUQPRVWSDUWWKH
EDVH7HUWLDU\FRQWRXUVDUHHVVHQWLDOO\EDVHGRQWKHDYDLODEOHJHRORJLFDOPDSV)LVFKHU
/LQLJHUE5XKODQGHWDO%DLOO\HWDO7KHFRQWRXUVDUHUHVWULFWHGWRWKH
PDLQSDUWRIWKH85*DQGGRQRWH[WHQGRQWRWKH7HUWLDU\RXWFURSVZLWKLQWKH-XUD
7KHGHSWKRIWKHEDVH7HUWLDU\UDQJHVIURPPEHORZVHDOHYHOLQWKH'DQQHPDULH
%DVLQ WRPDERYHVHD OHYHODW WKHVRXWKZHVWHUQHGJHRI WKH)HUUHWWH -XUD7KHVDOLHQW
IHDWXUHRIWKHEDVH7HUWLDU\PDSLVWKHH[LVWHQFHRIWKUHHHDVWZDUGWLOWHGKDOIJUDEHQVHDFK
ERXQGHG E\ D11(WUHQGLQJ QRUPDO IDXOW LQ WKH HDVW 7KH KDOIJUDEHQV GHYHORSHG JHQWOH
KDQJLQJZDOOV\QFOLQHVSUHVXPDEO\GXHWRGUDJDORQJWKHERXQGLQJQRUPDOIDXOWV7RZDUGV
WKH -XUD IURQW WKHEDVH7HUWLDU\ VZD\V LQWR DQ(1(:6: WR(:WUHQGDORQJD ]RQHRI
H[WHQVLRQDOÀH[XUHVXQGHUODLQE\3HUPR&DUERQLIHURXVIDXOWVERWWRPULJKWLQVHWLQ)LJ
7KLVVWUXFWXUDOFRQ¿JXUDWLRQLVWKHUHVXOWRI3DODHRJHQHULIWLQJ
7KH QRUPDO IDXOW ERXQGLQJ WKH )HUUHWWH KDOIJUDEHQ LV RYHUWKUXVWHG E\0HVR]RLF
VHGLPHQWVDORQJWKH:ULPRIWKH)HUUHWWH-XUDGXULQJWKHSKDVHRIWKLQVNLQQHG-XUDIROGLQJ
7KLVZDVDOVRHYLGHQFHGE\ERUHKROHV6FKQHHJDQVDQG7KpREDOG2QWKHRWKHUKDQG
LPPHGLDWHO\1RIWKHQRUWKHUQWLSRIWKH)HUUHWWH-XUDWKH)HUUHWWHIDXOWLWVHOIZDVUHDFWLYDWHG
DV HYLGHQFHG E\ WZR WRSWRWKH( UHYHUVH IDXOWV WKDW VSOD\ RII IURP WKH QRUPDO IDXOW DQG
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)LJFRQWRXUPDSRIWKHEDVH7HUWLDU\VXUIDFHDQGRIWKHIDXOWVGLVVHFWLQJLW7KHFRQWRXUOLQHVDUHLQPHWUHV
DERYHVHDOHYHO7KHORZHUULJKWLQVHWVKRZVWKHNQRZQ/DWH3DODHR]RLFVWUXFWXUHVLQWKHVXEVXUIDFH
&KDSWHU

RIIVHW WKH EDVH7HUWLDU\ $FFRUGLQJ WR WKH VHLVPLF LQIRUPDWLRQ DYDLODEOH WKLV UHDFWLYDWLRQ
FRXOG KDYH RFFXUUHG DOUHDG\ LQ WKH HDUO\ 1HRJHQH EHFDXVH WKH VSOD\ IDXOWV FXW WKURXJK
8SSHUPRVW5XSHOLDQDQG&KDWWLDQVHGLPHQWV$QHDUO\1HRJHQHDJHRIWKLVIDXOWUHDFWLYDWLRQ
LVDOVRLQIHUUHGIURPWKHIDFWWKDWWKH/DWH3OLRFHQHJUDYHOVWKDWFRYHUWKLVSDUWRIWKH85*
VKRZQRGLIIHUHQFHLQHOHYDWLRQDFURVVWKRVHVSOD\VFRPSDUH)LJDQG7KH)HUUHWWH-XUD
IURQWDSSHDUVWRVHDOWKHFRPSUHVVLYHIDXOWVSOD\VRIWKH)HUUHWWHIDXOW+RZHYHUDGHWDLOHG
PDSRIWKH)HUUHWWH-XUDUHYHDOVD³EDFNWKUXVW´LQWKHDORQJVWULNHSURORQJDWLRQRIRQRIWKH
VSOD\V7KHFRPSUHVVLYHUHDFWLYDWLRQRIWKH)HUUHWWHIDXOWPLJKWKDYHEHHQFRQFRPLWDQWZLWK
WKUXVWLQJRIWKH)HUUHWWH-XUDRUSRVWGDWLQJLW+RZHYHUWKLVIDFWFDQQRWEHYHUL¿HGZLWKWKH
FXUUHQWNQRZOHGJHVXFKDEDFNWKUXVWLQWKH)HUUHWWH-XUDPLJKWEHDOVRSXUHO\WKLQVNLQQHG
VLQFHLWZDVVKRZQWKDWLWVZHVWHUQULPZDVXQGHUVLQLVWUDOWUDQVSUHVVLRQVHHFKDSWHU
$Q LPSRUWDQW REVHUYDWLRQ LV WKH IDFW WKDW WKH UHDFWLYDWLRQ RI WKH )HUUHWWH IDXOW
RFFXUUHGH[DFWO\ZKHUH11(DQG(1(WUHQGLQJEDVHPHQWIDXOWVLQWHUIHUHVXJJHVWLQJWKDW
LWVUHDFWLYDWLRQSUHVXPDEO\RFFXUUHGLQDUHVWUDLQLQJEHQGSRVLWLRQ7KLVLVHYLGHQFHGLQDQ
(1(WUHQGLQJDQWLFOLQHZKLFKZDVLGHQWL¿HG:RIWKHFRPSUHVVLYHVSOD\VRIWKH)HUUHWWHIDXOW
7KLV(1(WUHQGLQJDQWLFOLQHIRUPHGPRUHRUOHVVLQWKHDORQJVWULNHSURORQJDWLRQRIWKHWZR
HQpFKHORQDQWLFOLQHVDWWKH-XUD85*ERUGHUVWLOOIXUWKHUWRWKH(,WLVWKHUHIRUHSUHVXPHG
WKDWWKLVDQWLFOLQHKDVIRUPHGDERYHWKHVDPH(1(WUHQGLQJEDVHPHQWIDXOW$FFRUGLQJWRWKH
VHLVPLFLQIRUPDWLRQDQHDUO\1HRJHQHDJHIRUWKHUHDFWLYDWLRQRIWKH(1(WUHQGLQJEDVHPHQW
IDXOWXQGHUO\LQJWKLVDQWLFOLQHFDQEHLQIHUUHG$JDLQDSXUHO\SRVW/DWH3OLRFHQHDJHLVOHVV
OLNHO\EHFDXVHWKH6XQGJDXJUDYHOEDVHUHYHDOVQRXSZDUSLQJDERYHWKLVDQWLFOLQHFRPSDUH
)LJDQG0RUHSUHVXPDEO\WKLVUHDFWLYDWLRQFRXOGKDYHEHHQFRHYDOZLWKDFWLYLW\DORQJ
WKH5KHLQWDO)OH[XUHLQWKH$TXLWDQLDQRU%XUGLJDOLDQ/DXEVFKHU
$W WKHHDVWHUQ WHUPLQDWLRQRI WKH)HUUHWWH-XUD WKH(:WUHQGLQJDQWLFOLQHVSOXQJH
EHQHDWKWKH7HUWLDU\LQ¿OORIDVPDOOHPED\PHQWRIWKH85*WKDWHQFURDFKHVRQWRWKH-XUD$W
WKHVRXWKHUQOLPERIWKHQRUWKHUQPRVWRIWKHVHJHQWOHDQWLFOLQHVDWRSWRWKH6UHYHUVHIDXOW
ZDVPDSSHG,WLVQRWHZRUWK\WKDWWKLVYHUJHQFHLVRSSRVHGWRWKHWUDQVSRUWGLUHFWLRQRIWKH
GHWDFKHGVHGLPHQWVGXULQJWKHWKLQVNLQQHGSKDVHRI-XUDIROGLQJ
)DXOWUHDFWLYDWLRQHYLGHQFHGLQUHÀHFWLRQVHLVPLFOLQHV
)LJVKRZVDUHÀHFWLRQVHLVPLFOLQHWUDYHUVLQJWKHHDVWHUQRQHRIWKHWZRHQpFKHORQ
DOLJQHGDQWLFOLQHV7KLVDQWLFOLQHIRUPHGDORQJDFRPSUHVVLYHO\RUWUDQVSUHVVLYHO\UHDFWLYDWHG
H[WHQVLRQDOÀH[XUHRI3DODHRJHQHDJHVHHFKDSWHU7KH3DODHRJHQHDJHRIWKHÀH[XUHLV
VHHQLQWKH6ZDUGWDSHULQJDQGRQODSRIWKH3DODHRJHQHV\QULIWVHGLPHQWV7RSRJUDSK\DQG
WKHKHLJKWRIWKHEDVHRIWKH6XQGJDXJUDYHOVDUHVXSHULPSRVHGLQWR)LJE$VFDQEHVHHQ
WKHGLSRIWKH0HVR]RLFUHÀHFWRUVFRUUHVSRQGVZHOOZLWKWKHGLSRIWKH6XQGJDXJUDYHO¶VEDVH
$JRRGFRUUHODWLRQH[LVWVDOVREHWZHHQWKHWRSRJUDSKLFFUHVWDQGWKHSRVLWLRQRIDEDVHPHQW
IDXOW]RQHRUKLJKVXJJHVWLQJDFRPSUHVVLYHRUWUDQVSUHVVLYHUHDFWLYDWLRQRIWKLVEDVHPHQW
IDXOW
3RVW/DWH3OLRFHQHWKLFNVNLQQHGWHFWRQLFV

)LJVKRZVDUHÀHFWLRQVHLVPLFOLQHWUHQGLQJDSSUR[LPDWHO\16DORQJWKH$OOVFKZLO
KDOIJUDEHQ7KHVRXWKHUQHQGRIWKHOLQHUXQVLQWRD7HUWLDU\HPED\PHQWHDVWRIWKHHDVWHUQ
WHUPLQDWLRQRIWKH)HUUHWWH-XUD7KH0HVR]RLFVXFFHVVLRQUHYHDOVDYHU\FRQVWDQWWKLFNQHVV
DQGJHQWO\ULVHVLQHOHYDWLRQIURP1WR6$VWHHSO\1GLSSLQJEDVHPHQWIDXOWRIIVHWVWKHEDVH
RIWKH0HVR]RLFE\DERXWV7:7FRUUHVSRQGLQJWRFP2ZLQJWRZHDNOD\HUVLQWKH
0LGGOHDQG8SSHU7ULDVVLFWKH0HVR]RLFVXFFHVVLRQGHYHORSHGDQH[WHQVLRQDOÀH[XUHDERYH
WKLVEDVHPHQWIDXOW7KHH[WHQVLRQDOÀH[XUHZDVFRYHUHGE\DQRQODSSLQJ8SSHU3ULDERQLDQ
WR/RZHU5XSHOLDQVXFFHVVLRQEHWZHHQUHÀHFWRUV³$´DQG³5´7KLVVXFFHVVLRQUHYHDOVD
ZHGJHVKDSHWDSHULQJRXWWRZDUGVWKH67KHOHVVUHÀHFWLYHSDUWVDERYHWKH³5´UHÀHFWRUDUH
DWWULEXWHGWR8SSHUPRVW5XSHOLDQWR&KDWWLDQV\QULIWVHGLPHQWVZKLFKDUHLQWXUQFRYHUHGE\
/DWH3OLRFHQHJUDYHOV7KHH[WHQVLRQDOÀH[XUHZDVFRPSUHVVLYHO\UHDFWLYDWHGDVVHHQLQDWRS
WRWKH6UHYHUVHIDXOWWKDWRIIVHWVWKHSURPLQHQW8SSHU5XSHOLDQUHÀHFWRU7KHWKURZDPRXQWV
WRV7:7ZKLFKFRUUHVSRQGVWRFPJLYHQWKHVHLVPLFLQWHUYDOYHORFLWLHVLQ
WKH8SSHU2OLJRFHQH V\QULIW VXFFHVVLRQ )LJ %DVHGRQ WKH VHLVPLF LQIRUPDWLRQ IDXOW
UHDFWLYDWLRQFRXOGKDYHRFFXUUHGDOUHDG\LQWKHHDUO\1HRJHQH0RUHSUREDEO\KRZHYHULW
RFFXUUHGDIWHUWKH/DWH3OLRFHQH7KLVLVLQIHUUHGIURPWKHIDFWVWKDWDWKHVSDWLDOSRVLWLRQRI
WKHDQWLFOLQHLQWKHKDQJLQJZDOORIWKHWRSWRWKH6UHYHUVHIDXOWFRUUHVSRQGVWRWKHSRVLWLRQ
RIDQDQWLFOLQHPDSSHGLQWKHEDVHRIWKH6XQGJDXJUDYHOVFRPSDUH)LJVDQGDQGEWKH
DPSOLWXGHVRIWKHVHDQWLFOLQHVDUHERWKLQWKHRUGHURIP$QRWKHULPSRUWDQWDVSHFWRI
WKLVUHYHUVHIDXOWLVWKHREVHUYHGWRSWRWKH6JHRPHWU\LWVHOI,WH[FOXGHVWKHSRVVLELOLW\WKDW
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RQODS
XQFRQIRUPLW\
/DWH 3OLRFHQH
JUDYHO EDVH
WRSRJUDSK\
UHÀHFWLRQ VHLVPLF OLQH
DFURVV WKH ³5pFKpV\´ DQWLFOLQH
6HH )LJXUH  IRU ORFDWLRQ RI
WKH VHFWLRQ D RULJLQDO VWDFNHG
VHFWLRQ E LQWHUSUHWHG VHFWLRQ
%0 EDVH 0HVR]RLF 0 WRS
0XVFKHONDON / WRS /LDV
' WRS 'RJJHU $ WRS 0DOP
KDWFKHG IDXOW ]RQH DVVRFLDWHG
ZLWKODWH3DODHR]RLFIDXOWV%DVH
RIWKH/DWH3OLRFHQHJUDYHOVFI
)LJXUH  DQG WRSRJUDSK\ DUH
VXSHULPSRVHG7KHYHUWLFDOVFDOH
LV YHUWLFDOO\ H[DJJHUDWHG E\ D
IDFWRURIWRFRLQFLGHZLWKWKH
GHSWK LQ V 7:7 FDOFXODWHG
XVLQJ VHLVPLF YHORFLWLHV IURP
ERUHKROHV QHDUE\ 1RWH WKH
FORVH FRUUHODWLRQ EHWZHHQ WKH
GLS RI 0HVR]RLF UHÀHFWRUV DQG
WKH JUDYHO¶V EDVH 0RUHRYHU
IROG FUHVWV LQ ERWK JUDYHOV DQG
0HVR]RLF VHGLPHQWV FRLQFLGH
DQG DUH ORFDWHGSUHFLVHO\ DERYH
WKH EDVHPHQW IDXOW ]RQH 7KLV
VXJJHVWV D WKLFNVNLQQHG RULJLQ
RIWKH3RVW/DWH3OLRFHQHIROGV
&KDSWHU

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3RVW/DWH3OLRFHQHWKLFNVNLQQHGWHFWRQLFV

WKHFRPSUHVVLYHUHDFWLYDWLRQRIWKHÀH[XUHLVUHODWHGWRWKHRQJRLQJ1ZDUGSURSDJDWLRQRID
GpFROOHPHQWLQWKH7ULDVVLFZHDNOD\HUV
,Q VXPPDU\ LW FDQ EH VWDWHG WKDW ERWK11( DQG(1(WUHQGLQJ EDVHPHQWURRWHG
IDXOWVLQWKHVRXWKHUQ85*KDYHEHHQUHDFWLYDWHGXQGHUFRPSUHVVLRQLQWKH1HRJHQH3DUWRI
WKHUHDFWLYDWLRQRFFXUUHGDOUHDG\LQWKHHDUO\1HRJHQHSUHGDWLQJRUSDUWO\FRQFRPLWDQW"
ZLWKWKLQVNLQQHG-XUDIROGLQJ7KHSUH/DWH3OLRFHQHDJHRIWKLVUHDFWLYDWLRQLVHYLGHQFHG
E\WKHREVHUYDWLRQWKDWWKH/DWH3OLRFHQH6XQGJDXJUDYHOVGRQRWUHYHDOXSZDUSLQJDERYH
FRPSUHVVLYHO\UHDFWLYDWHGIDXOWVLQWKHVXEVXUIDFH2QWKHRWKHUKDQG(1(WR(WUHQGLQJ
EDVHPHQW IDXOWV KDYH EHHQ DFWLYH DJDLQ DIWHU WKH /DWH 3OLRFHQH 7KLV LV HYLGHQFHG LQ WKH
VSDWLDO FRLQFLGHQFH EHWZHHQ EDVHPHQW IDXOWV DQG IROGVPDSSHG LQ ERWK WKH EDVH7HUWLDU\
DQGEDVH6XQGJDXJUDYHOPDSV7KHLUSRVW/DWH3OLRFHQHDJHLVIXUWKHUPRUHFRQVWUDLQHGE\
WKH FRPSDUDEOH DPSOLWXGHVRI WKHVH IROGV LQERWK WKHEDVH7HUWLDU\ DQG WKHEDVH6XQGJDX
JUDYHO
'LVFXVVLRQ
&RPSDULQJSDODHRVWUHVVHVDQGUHFHQWVWUHVVHV
7KHUHFHQWVWUHVV¿HOGLQWKHVHGLPHQWDU\0HVR]RLFWR7HUWLDU\FRYHUFRQVWUDLQHG
E\ LQVLWX VWUHVVPHDVXUHPHQWV UHYHDOV16 WR11:66(RULHQWHGPD[LPXPKRUL]RQWDO
VWUHVVHV 6+PD[ )LJ  DQG  7KHVH RULHQWDWLRQV ODUJHO\ FRLQFLGH ZLWK WKH VKRUWHQLQJ
GLUHFWLRQV REWDLQHG IURP SDODHRVWUHVV DQDO\VLV FKDSWHU  DQG )LJ  SDUWLFXODUO\ LQ WKH
)ROGHG-XUD7KLVLPSOLHVWKDWQRVLJQL¿FDQWVWUHVV¿HOGFKDQJHKDGRFFXUUHGLQWKLVDUHDVLQFH
WKHRQVHWRIWKLQVNLQQHG-XUDIROGLQJ%HFNHU2QWKHRWKHUKDQGD1:6(RULHQWHG
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)LJVFKHPDWLFFURVVVHFWLRQEDVHGRQWKHUHÀHFWLRQVHLVPLFOLQHRI)LJLOOXVWUDWLQJKRZWKHFRPSUHVVLYH
UHDFWLYDWLRQRIDQ(:WUHQGLQJ3DODHRJHQHH[WHQVLRQDOÀH[XUHFRXOGEHUHODWHGWRWKHLQFLSLHQWLQYHUVLRQRIDQ
XQGHUO\LQJ3HUPR&DUERQLIHURXVWURXJK
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V\VWHPDWLFDOO\IRXQGWKURXJKRXWQRUWKHUQ6ZLW]HUODQGDQGVXJJHVWDPHFKDQLFDOGHFRXSOLQJ
EHWZHHQVHGLPHQWDU\FRYHUDQGLWVEDVHPHQWDORQJ0LGWR/DWH7ULDVVLFZHDNOD\HUV0OOHU
HW DO  ,Q FRPELQDWLRQZLWK JHRGHWLFPHDVXUHPHQWV ZKLFK VKRZ WKH UHJLRQ RI WKH
QRUWKHUQ)ROGHG-XUD0RXQWDLQVWREHXSOLIWHGZLWKUHVSHFWWRWKHLUDXWRFKWKRQRXVQRUWKHUQ
IRUHODQGRQJRLQJWKLQVNLQQHGSURSDJDWLRQRIWKH-XUD0RXQWDLQVZDVFRQMHFWXUHG0OOHU
HWDO2QWKHRWKHUKDQGWKLVLQWHUSUHWDWLRQLVFRQWUDGLFWHGE\WKHFRQVLGHUDEO\ORZ
6+PD[PDJQLWXGHVRIJHQHUDOO\OHVVWKDQ03DLQWKHFRYHURIWKHQRUWKHUQ)ROGHG-XUD
0RXQWDLQVFRPSDUHGWRFRQVLGHUDEO\KLJKHUYDOXHVRIXSWR03DLQWKHZHVWHUQDQGVRXWK
ZHVWHUQ-XUD%HFNHU%HFNHU7KLVREVHUYDWLRQVXJJHVWVWKDWWKHUHFHQWVWUHVVHV
LQWKHQRUWKHUQ)ROGHG-XUDDUHPHUHO\UHVLGXDOVWUHVVHVIURPWKHPDLQVWDJHRIWKLQVNLQQHG
IROGLQJWKUXVWLQJ7KXVLIRQJRLQJWKLQVNLQQHGSURSDJDWLRQLQWKLVSDUWRIWKH-XUDLVLQDFWLYH
DWSUHVHQWDVVXJJHVWHGE\%HFNHUEXWUHSODFHGE\EDVHPHQWLQGXFHGGHIRUPDWLRQ
WKH REVHUYHG VWUHVV GHFRXSOLQJ EHWZHHQ FRYHU DQG EDVHPHQW FRXOG KLQW DW UHODWLYHO\ ORZ
GLVSODFHPHQW UDWHV LQ WKHEDVHPHQW/RZGLVSODFHPHQW UDWHVDORQJEDVHPHQW IDXOWV IDYRXU
GHFRXSOLQJEHWZHHQEDVHPHQW DQG FRYHU DFURVV D YLVFRXVZHDN OD\HU 8VWDV]HZVNL HW DO

.LQHPDWLFIUDPHZRUNIRUQHRWHFWRQLFVLQWKHVRXWKHUQ85*
7KHEHVWGRFXPHQWHG HYLGHQFH IRUSRVW/DWH3OLRFHQH WHFWRQLFV LV WKHGHIRUPDWLRQ
UHFRUGHGE\WKH/DWH3OLRFHQH6XQGJDXJUDYHOV7KHLUEDVHUHYHDOVDQDUUD\RI1(6:WR
(1(:6:RULHQWHGV\QDQGDQWLFOLQHVZLWKDPSOLWXGHVXSWRP5HVWRULQJWKHJHQWO\
IROGHGEDVHJLYHV VKRUWHQLQJDPRXQWV LQ WKHRUGHURI WR$VVXPLQJ WKDW VKRUWHQLQJ
FRPPHQFHGDW0DWKLV\LHOGVKRUL]RQWDOGLVSODFHPHQWUDWHVLQWKHRUGHURIPPD
7KLVFRUUHVSRQGVWRDVWUDLQUDWH  LQWKHRUGHURIÂV7KLVYDOXHLV LQDJUHHPHQW
ZLWK UHFHQWO\ UHSRUWHGYDOXHVEDVHGRQ LQWHUSRODWHG*36GDWDRI  LQ WKHRUGHURIÂ
V7HVDXURHWDO7KHVSDWLDOFRLQFLGHQFHEHWZHHQIROGVPDSSHGLQWKHEDVHRIWKH
6XQGJDXJUDYHOVDQGUHDFWLYDWHGEDVHPHQWIDXOWVUHFRJQLVHGLQUHÀHFWLRQVHLVPLFOLQHVSRLQWV
WRZDUGVDWKLFNVNLQQHGRULJLQRIWKHVKRUWHQLQJ)XUWKHUPRUHWKHREVHUYDWLRQRIDQWLFOLQHV
ORFDWHGDWUHVWUDLQLQJEHQGVDQGQRUPDOIDXOWVORFDWHGDWUHOHDVLQJEHQGVRI11(WUHQGLQJ
85* IDXOWV VWURQJO\ VXSSRUWV WKH K\SRWKHVLV WKDW WKH 6XQGJDX IROGV IRUPHG LQ DZUHQFK
FRUULGRUEHWZHHQVLQLVWUDOO\DFWLYH11(WUHQGLQJ IDXOWVZKHUH(1(WUHQGLQJ IDXOWVDFWHG
DVUHVWUDLQLQJEHQGV/HIWODWHUDOVWULNHVOLSIDXOWLQJDORQJ11(WUHQGLQJIDXOWV LV LQJRRG
DJUHHPHQWZLWK VHLVPRWHFWRQLF HYLGHQFH 3OHQH¿VFK DQG%RQMHU 'HLFKPDQQ HW DO
2QWKHRWKHUKDQGWKHUHDFWLYDWLRQRI(1(WUHQGLQJIDXOWVLVKLWKHUWRVXSSRUWHGPRVWO\
E\JHRORJLFDOHYLGHQFHDORQH0H\HUHWDO*LDPERQLHWDOD8VWDV]HZVNLHWDO
6HLVPRWHFWRQLFHYLGHQFHVXSSRUWLQJWKHUHDFWLYDWLRQRIVXFK(1(WUHQGLQJIDXOWVLV
VFDUFH7KH)HEUXDU\QGHDUWKTXDNHLQWKH5%7=QHDU5LJQH\)UDQFH0Z IRFDO
GHSWKNP\LHOGHGD IRFDOPHFKDQLVP LQGLFDWLQJ UHYHUVH IDXOWLQJ 6ZLVV6HLVPRORJLFDO
6HUYLFH$OWKRXJKLWLVQRWDGPLVVLEOHWRGLUHFWO\DVVLJQRQHRIWKHQRGDOSODQHVWRWKH
3RVW/DWH3OLRFHQHWKLFNVNLQQHGWHFWRQLFV

DFWXDOIDXOWSODQHWKDWVOLSSHGGXULQJWKHHDUWKTXDNHSUHIHUHQFHLVJLYHQWRWKH(1(RULHQWHG
DQG6(GLSSLQJQRGDOSODQH7KLVLVGHGXFHGIURPWKHIDFWWKDW(1(WUHQGLQJEDVHPHQWIDXOWV
DUHDEXQGDQWLQWKH5%7=7KXVWKHIRFDOPHFKDQLVPRIWKH5LJQH\HDUWKTXDNHFRXOGEH
UHJDUGHGDVVHLVPRWHFWRQLFHYLGHQFHIRUWKHFRPSUHVVLYHLQYHUVLRQRI3HUPR&DUERQLIHURXV
WURXJKVLQWKHQRUWKHUQ$OSLQHIRUHODQG=LHJOHU3KLOLSSH3¿IIQHUHWDO
,Q VXPPDU\ WKH DYDLODEOH JHRORJLFDO HYLGHQFH VKRZV WKDW ERWK 11( DQG (1(
WUHQGLQJ EDVHPHQW IDXOWV KDYH EHHQ UHDFWLYDWHG VLQFH WKH /DWH 3OLRFHQH 11(WUHQGLQJ
IDXOWV DUH UHDFWLYDWHG LQ OHIWODWHUDO VWULNHVOLSPRGH FRQFRPLWDQWZLWK WKH UHDFWLYDWLRQ RI
(1(WUHQGLQJ IDXOWV DV UHYHUVH IDXOWV ZLWKDSRVVLEOHGH[WUDO VWULNHVOLSFRPSRQHQW7KH
UHDFWLYDWLRQRI(1(WUHQGLQJIDXOWVLVUHVSRQVLEOHIRUWKHKLJKHVW6XQGJDXIROGVREVHUYHGDQG
LVSUHVXPDEO\UHODWHGWRWKHLQFLSLHQWLQYHUVLRQRI3HUPR&DUERQLIHURXVWURXJKERUGHUIDXOWV
)LJ6XFKDQLQYHUVLRQPLJKWEHFDXVHGE\LQFUHDVHGFROOLVLRQDOFRXSOLQJEHWZHHQWKH
$OSLQHRURJHQDQGLWVQRUWKHUQIRUHODQG=LHJOHUHWDO
&RQFOXVLRQV
6LQFH WKH /DWH 3OLRFHQH WKH VRXWKHUQ 85* KDV H[SHULHQFHG WKH WKLFNVNLQQHG
UHDFWLYDWLRQ RI GLIIHUHQWO\ RULHQWHG IDXOWV 7KLV LV HYLGHQFHG E\ WKH VSDWLDO FRLQFLGHQFH
EHWZHHQ1(WR(1(WUHQGLQJV\QDQGDQWLFOLQHVLQWKHEDVHRI/DWH3OLRFHQHÀXYLDOJUDYHOV
DQGPDSSHGEDVHPHQWIDXOWV7KHPRVWSURPLQHQWDQWLFOLQHVZLWKDPSOLWXGHVXSWRP
IRUPHGULJKWDERYH(1(WUHQGLQJIDXOWVERUGHULQJDQH[WHQVLYH3HUPR&DUERQLIHURXVWURXJK
V\VWHPKLQWLQJDWWKHLULQFLSLHQWLQYHUVLRQ
$UHVWRUDWLRQRIWKHJHQWO\IROGHGEDVHRIWKHJUDYHOV\LHOGVKRUL]RQWDOGLVSODFHPHQW
UDWHV LQ WKH RUGHU RI  PPD DVVXPLQJ WKDW GHIRUPDWLRQ FRPPHQFHG DIWHU WKH
ELRVWUDWLJUDSKLFDOO\ GHWHUPLQHGPLQLPXP DJH RI WKH JUDYHOV LH SRVW0D'HÀHFWHG
ULYHUV LQ WKH KLQJHV RI WKHPRVW SURPLQHQW SRVW/DWH 3OLRFHQH DQWLFOLQHV VXJJHVW WKDW WKH
GHIRUPDWLRQPLJKWEHVWLOORQJRLQJDWSUHVHQW
,QWHUHVWLQJO\ WKH VZLWFK IURP IRUPHUO\ WKLQ WR SUHVHQWO\ RQJRLQJ WKLFNVNLQQHG
WHFWRQLFVRFFXUUHGZLWKRXW DQ\GHWHFWDEOH UHRULHQWDWLRQRI WKH VWUHVVHV LQ WKH VHGLPHQWDU\
FRYHUZKHQFRPSDULQJSDODHRVWUHVVHVGHULYHGIURPRXWFURSVFDOHIDXOWVOLSGDWDDQGUHFHQW
LQVLWX VWUHVVHV 7KXV WKH WUDQVLWLRQ IURP WKLQVNLQQHG WHFWRQLFVZKLFK OHG WR IROGLQJ RI
WKH-XUDIROGDQGWKUXVWEHOWWREDVHPHQWURRWHGGHIRUPDWLRQPLJKWEHUHODWHGWRLQFUHDVHG
FROOLVLRQDO FRXSOLQJ EHWZHHQ WKH$OSLQH RURJHQ DQG LWV QRUWKHUQ IRUHODQG XQGHU D ODUJHO\
XQFKDQJHGFRQYHUJHQFHGLUHFWLRQEHWZHHQWKH$GULDWLFDQGWKH(XURSHDQSODWHV
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7KLVWKHVLVKLJKOLJKWVWKHFRQWURORISUHH[LVWLQJIDXOWVRQWKHJHRORJLFDOKLVWRU\RI
1: 6ZLW]HUODQG DQG QHLJKERXULQJ )UDQFH DQG *HUPDQ\ 7KURXJKRXW WKH &HQR]RLF WKH
WHFWRQLFHYROXWLRQRIWKLVDUHDVLWXDWHGDWWKHLQWHUVHFWLRQEHWZHHQWKH(XURSHDQ&HQR]RLF
ULIW V\VWHP DQG WKH QRUWKZHVWHUQ$OSLQH IRUHODQGZDV JRYHUQHG E\ IDXOWV LQKHULWHG IURP
WKH/DWH3DODHR]RLF)URPWKH(DUO\3DODHRJHQHXSWRWKH/DWH1HRJHQHWKHVHIDXOWVZHUH
UHSHDWHGO\UHDFWLYDWHGLQFKDQJLQJVWUHVV¿HOGVDQGZLWKGLIIHULQJNLQHPDWLFV7KHVHIDXOWV
DOVRVWURQJO\FRQWUROQHRWHFWRQLFDFWLYLW\ LQ WKHDUHD&HUWDLQEDVHPHQWIDXOWVHYHQSOD\HG
DUROHZKHQWKH\UHPDLQHGLQHUWWKHPVHOYHVIRULQVWDQFHGXULQJWKHWKLQVNLQQHGSKDVHRI
-XUDIROGLQJDQGWKUXVWLQJZKHUHWKUXVWIDXOWVDQGWUDQVIHU]RQHVLQWKHVHGLPHQWDU\FRYHU
QXFOHDWHGDORQJSUHH[LVWLQJEDVHPHQWVWHSV,QWKHIROORZLQJVRPHNH\UHVXOWVRIWKLVVWXG\
DUHVXPPDULVHG
&RQVWUDLQWVRQWKHWLPLQJRIWKHWUDQVLWLRQIURPULIWSHUSHQGLFXODU
H[WHQVLRQWRVLQLVWUDOVWULNHVOLSIDXOWLQJLQWKH85*
7KH HYROXWLRQ RI WKH VRXWKHUQ 85* WRRN SODFH XQGHU FKDQJLQJ WHFWRQLF UHJLPHV
5LIWLQJ LQLWLDWHG LQ WKH8SSHU (RFHQH XQGHU:1:(6( WR:(RULHQWHG H[WHQVLRQ LH
URXJKO\SHUSHQGLFXODUWRWKHULIWD[LVDVVKRZQLQFKDSWHU7KLVH[WHQVLRQGLUHFWLRQSUHYDLOHG
XQWLOWKHHQGRIWKH3DODHRJHQH([WHQVLRQLQERWKWKH85*DQGWKHZHVWHUO\DGMDFHQW%UHVVH
*UDEHQZDVVLPXOWDQHRXVDQGZDVFRQQHFWHGE\VLQLVWUDOWUDQVWHQVLRQLQWKH5%7=ZKLFK
QXFOHDWHGDORQJ(1(WUHQGLQJ/DWH3DODHR]RLFEDVHPHQW IDXOWV ,Q WKHVHGLPHQWDU\FRYHU
RIWKHVRXWKHUQHQGRIWKH85*WKHVLPXOWDQHLW\RIULIWSHUSHQGLFXODUH[WHQVLRQLQWKH85*
DQGVLQLVWUDOWUDQVWHQVLRQLQWKH5%7=LVGRFXPHQWHGE\VLPXOWDQHRXVJURZWKIDXOWLQJDORQJ
11(WUHQGLQJKDOIJUDEHQVDQGH[WHQVLRQDOÀH[XULQJDERYH(1(WUHQGLQJIDXOWV
5LIWUHODWHGVXEVLGHQFHLQWKHVRXWKHUQ85*KDVFHDVHGE\HDUO\1HRJHQHWLPHVDQG
ZDVUHODWHGWRDPDMRUVWUHVV¿HOGFKDQJHIURPDSSUR[LPDWHO\(:RULHQWHGH[WHQVLRQWR1:
6(RULHQWHGFRPSUHVVLRQ$SDUWIURPXSOLIWDQGHURVLRQRIERWKWKHVRXWKHUQJUDEHQVHJPHQW
DQGLWVULIWÀDQNVWKLVVWUHVV¿HOGFKDQJHVXEMHFWHGWKH85*DVDZKROHWRVLQLVWUDOVKHDU,Q
WKHVWXG\DUHDWKHWUDQVLWLRQIURPULIWSHUSHQGLFXODUH[WHQVLRQWRVLQLVWUDOVKHDULVHYLGHQFHG
LQ WKH WUDQVSUHVVLYHUHDFWLYDWLRQRI11(WUHQGLQJIDXOWVFRQFRPLWDQWZLWK WKHUHDFWLYDWLRQ
RI(1(RULHQWHGIDXOWVDIWHUWKH/DWH&KDWWLDQ7KLVFRQ¿UPVWKHIDFWWKDWWKH85*KDGDW
OHDVWDWZRVWDJHHYROXWLRQZLWKDQLQLWLDOSKDVHRIULIWSHUSHQGLFXODUH[WHQVLRQXQWLOWKH/DWH
&KDWWLDQDQGDODWHUSKDVHRIVLQLVWUDOREOLTXHULIWLQJVLQFHWKHHDUO\1HRJHQH
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&KDSWHU
&RQWURORIEDVHPHQWIDXOWVRQGpFROOHPHQWWHFWRQLFV
&KDSWHUVKRZVWKDWWKHQRUWKHUQPRVWIURQWDOIROGVRIWKH-XUDIROGDQGWKUXVWEHOW
DUHFKDUDFWHULVHGE\GUDPDWLFDORQJVWULNHDV\PPHWULHVLQFOXGLQJDQDORQJVWULNHGHFUHDVH
LQ VKRUWHQLQJ IURP: WR(&RQVLGHULQJ WKLV DQG WKH VKRUWHQLQJ GLUHFWLRQV GHULYHG IURP
IDXOWVOLSDQDO\VLV WKHVWULNHVOLSFRPSRQHQWDORQJD11(RULHQWHGVLQLVWUDOREOLTXHUDPS
ERXQGLQJ WKH DV\PPHWULF DQWLFOLQHV WR WKH: ZDV GHGXFHG GHVSLWH WKH ODFN RI VXLWDEOH
PDUNHUV,W LVEHOLHYHGWKDW WKHFKRVHQDSSURDFKFRXOGEHDSSOLHGWRVLPLODUVHWWLQJVDORQJ
REOLTXHRUODWHUDOUDPSVLQRWKHUIROGDQGWKUXVWEHOWVZKHUHVXLWDEOHPDUNHUVDUHDEVHQW
'LVSODFHPHQWUDWHGHSHQGHQFHRIIDXOWUHDFWLYDWLRQLQEULWWOH
YLVFRXVREOLTXHULIWZUHQFKV\VWHPV
'\QDPLFDOO\ VFDOHG DQDORJXHPRGHOV RI REOLTXH ULIW V\VWHPV KDYH VKRZQ WKDW WKH
WUDQVSUHVVLYHUHDFWLYDWLRQRIIDXOWVLQWKHEULWWOHFRYHUVHSDUDWHGIURPDEDVDOSODWHE\DYLVFRXV
GpFROOHPHQWKRUL]RQGHSHQGVQRWRQO\RQNLQHPDWLFDVSHFWVLHUHTXLULQJDSSURSULDWHDQJOHV
EHWZHHQVKRUWHQLQJGLUHFWLRQDQGIDXOWWUHQGEXWDOVRRQWKHPHFKDQLFDOFRXSOLQJEHWZHHQ
EULWWOH FRYHU DQG YLVFRXV EDVH 7KLV FRXSOLQJ LQ WXUQ GHSHQGV RQ WKH GLVSODFHPHQW UDWH
DSSOLHGWRWKHEDVDOSODWH³6ORZ´UHDFWLYDWLRQWHQGVWRUHDFWLYDWHRQO\IHZIDXOWVLQWKHFRYHU
DQGGHIRUPDWLRQWHQGVWREHPRUHGLVWULEXWHG³)DVW´UHDFWLYDWLRQRQWKHRWKHUKDQGWHQGVWR
UHDFWLYDWHDJUHDWQXPEHURIIDXOWVDQGOHDGVWRWKHLQYHUVLRQRIHQWLUHREOLTXHULIWV$SSOLHG
WRWKH5%7=WKHH[SHULPHQWDOUHVXOWVVXJJHVWWKDWWKLFNVNLQQHGUHDFWLYDWLRQRIFHUWDLQIDXOWV
ZDVUDWKHUD³ORZGLVSODFHPHQWUDWH´SURFHVV0RUHRYHUFXUUHQWORZGLVSODFHPHQWUDWHVDORQJ
EDVHPHQWIDXOWVPD\H[SODLQWKHREVHUYHGVWUHVVGHFRXSOLQJLQSDUWVRIWKHQRUWKHUQ-XUD7KH
VRLQIHUUHGORZGLVSODFHPHQWUDWHVDUHLQDJUHHPHQWZLWKWKHJHQHUDOO\ORZGLVSODFHPHQWUDWHV
FXUUHQWO\REVHUYHGLQWKHDUHD
1HRWHFWRQLFVFHQDULRDQGUHPDLQLQJRSHQTXHVWLRQV
7KLV WKHVLV KDV GHPRQVWUDWHG WKDW WHFWRQLF DFWLYLW\ DW WKH 85*-XUD MXQFWLRQ KDV
QRWFHDVHGDIWHU0LR3OLRFHQH-XUDIROGLQJ,QVWHDGLWKDVFRQWLQXHGXSWRUHFHQW2QJRLQJ
1:6(RULHQWHGFRPSUHVVLRQSURGXFHGDQDUUD\RI1(6(WR(1(:6:WUHQGLQJIROGVLQ
WKHVRXWKHUQPRVW85*WUDFHDEOHDWWKHEDVHRIWKH/DWH3OLRFHQHÀXYLDO6XQGJDXJUDYHOV
&RQWUDU\WRWKHIRUHJRLQJ-XUDSKDVHWKLVODWHVWSKDVHLQYROYHVEDVHPHQWVKRUWHQLQJDVZHOO
7KHKRUL]RQWDOGLVSODFHPHQWUDWHVDUHDWOHDVWRQWKHRUGHURIPPD7KHGHIRUPDWLRQ
UHFRUGHGE\WKH6XQGJDXJUDYHOVFDQEHDWWULEXWHGWRDZUHQFKLQJRIWKHVHGLPHQWDU\FRYHU
DERYH11(WUHQGLQJ85*SDUDOOHO VLQLVWUDO VWULNHVOLS IDXOWV DQG E UHYHUVH RU GH[WUDO
WUDQVSUHVVLYH"IDXOWLQJDORQJ(1(WUHQGLQJIDXOWV7KHDFWLYLW\DORQJ(1(WUHQGLQJIDXOWV
LVSRVVLEO\UHODWHGWRWKHLQFLSLHQWLQYHUVLRQRI3HUPR&DUERQLIHURXVWURXJKV,WLVUHDVRQHG
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)LJ  7RS /DWH 3DODHR]RLF VXEVXUIDFH VWUXFWXUHV LQ WKHZLGHU VWXG\ DUHD VXSHULPSRVHG RQ WKH VXUIDFH
RXWOLQHV RI WKHPDMRU WHFWRQLF HOHPHQWV%* %UHVVH*UDEHQ5%7= 5KLQH%UHVVH WUDQVIHU ]RQH85*
 8SSHU5KLQH*UDEHQ0LGGOH6XUIDFH IDXOWV DQG HSLFHQWUHV RI KLVWRULFDOO\ DQG LQVWUXPHQWDOO\ UHFRUGHG
HDUWKTXDNHVLQFOXGLQJWKH)HEUGHDUWKTXDNHDW5LJQH\(%HVDQoRQ&RQWRXUVRIHSLFHQWUDOLQWHQVLWLHV
DUHHOOLSVRLGDOZLWKWKHORQJD[LVSDUDOOHOLQJ(1(WUHQGLQJVXEVXUIDFHIDXOWV7KH6(GLSSLQJQRGDOSODQHDOVR
SDUDOOHOVGRPLQDQWVXEVXUIDFHIDXOWVDQGLVWKHUHIRUHWKRXJKWWRUHSUHVHQWWKHIDXOWSODQH7KLVVXJJHVWVWKDW
WKHLQYHUVLRQRI3&7ERUGHUIDXOWVDVVXPLQJDOLVWULFJHRPHWU\DWJUHDWHUGHSWKVLVYLDEOHLQWKHFXUUHQWO\
1:6(RULHQWHGVWUHVV¿HOG%RWWRPNLQHPDWLFVNHWFKLOOXVWUDWLQJWKHFXUUHQWNLQHPDWLFV%RWK85*DQG%*
DUHDFWLYHDVVLQLVWUDOULIWV7KH5%7=LVODUJHO\XQGHUFRPSUHVVLRQ(YHQWKRXJKUHVROYHGVKHDUVWUHVVHVPD\
EHVPDOOPLQRUGH[WUDOZUHQFKFRPSRQHQWFDQEHLQIHUUHGWRDFWDORQJ(1(WUHQGLQJEDVHPHQWIDXOWV/RFDO
QRUPDOIDXOWLQJRFFXUVDORQJ11:WUHQGLQJIDXOWVDWWKHHDVWHUQERUGHURIWKH85*6HLVPLFLW\GLVWULEXWLRQ
IURP(&26 IRUD WLPHVSDQ IURP$'XQWLO)RFDOPHFKDQLVPIURP6ZLVV6HLVPRORJLFDO
6HUYLFH&RQWRXUVRIHSLFHQWUDOLQWHQVLW\IURP5p1D66
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)LJ $ UHÀHFWLRQ VHLVPLF OLQH  WRS RULJLQDO VWDFNHG VHFWLRQ ERWWRP
LQWHUSUHWHG VHFWLRQ LOOXVWUDWLQJ WKH FRQWUDVWLQJ VHLVPLF IDFLHV RI FU\VWDOOLQH
EDVHPHQWDQG3HUPLDQ3HUPR&DUERQLIHURXVVHGLPHQWV
$
$SSHQGL[MRLQWPHDVXUHPHQWV
$SSHQGL[-RLQWPHDVXUHPHQWVLQWKH6XQGJDXJUDYHOV
&KDSWHUV DQGSURYLGH DPSOH HYLGHQFHRI3RVW/DWH3OLRFHQH VKRUWHQLQJ LQ WKH
DUHDRIWKHVRXWKHUQPRVW8SSHU5KLQH*UDEHQEDVHGRQWKHREVHUYDWLRQWKDWWKHEDVHRIWKH
/DWH 3OLRFHQH6XQGJDX JUDYHOV LV JHQWO\ IROGHG'XULQJ WKHVH LQYHVWLJDWLRQV WKH TXHVWLRQ
DURVHZKHWKHU WKLV HYLGHQFH FRXOG EH YHUL¿HG E\ LQGHSHQGHQW REVHUYDWLRQV SUHIHUDEO\ DW
WKHRXWFURSVFDOH2XWFURSVRI6XQGJDXJUDYHOV UHYHDO WKDWDJUHDWQXPEHURISHEEOHVDUH
MRLQWHG)RUUHDVRQVSURYLGHGIXUWKHUEHORZLWZDVDVVXPHGWKDWWKHPDMRULW\RIWKHVHMRLQWV
RULJLQDWHG DV H[WHQVLRQDO IUDFWXUHV E\ EULWWOH IDLOXUH RSHQLQJ SDUDOOHO WR WKH PD[LPXP
FRPSUHVVLYH VWUHVV DQG QRW GXH WRZHDWKHULQJ HJ GLVVROXWLRQ RI ³LQKHULWHG´ UDQGRPO\
RULHQWHGPLQHUDOLVHGYHLQVLQSHEEOHVDIWHUWKHLUGHSRVLWLRQ
7KHQH[WTXHVWLRQZDVZKHWKHUDGLVFULPLQDWLRQEHWZHHQWHFWRQLFMRLQWVLH MRLQWV
UHODWHGWRIUDFWXULQJGXULQJJHQWOHPDSVFDOHIROGLQJRIWKHJUDYHOVXQGHU11:RULHQWHG
6+PD[DQGQRQWHFWRQLFMRLQWVLHIUDFWXULQJGXHWRYHUWLFDOFRPSDFWLRQRIWKHJUDYHOEHGV
XQGHUWKHLURZQORDGZDVSRVVLEOH-RLQWVRIWHFWRQLFRULJLQDUHH[SHFWHGWREHVXEYHUWLFDO
DQG VKRZ SUHIHUHQWLDO D]LPXWKV SDUDOOHO WR 6+PD[ -RLQWV UHODWHG WR FRPSDFWLRQ RQ WKH
RWKHUKDQGZRXOGEH VXEYHUWLFDOO\RULHQWHGDVZHOO EXWZLWK UDWKHU UDQGRPO\GLVWULEXWHG
D]LPXWKV
-RLQWZHUHPHDVXUHGDWRXWFURSVPRVWO\ LQDEDQGRQHGJUDYHOSLWV7KH6XQGJDX
JUDYHOVDUHJUDLQVXSSRUWHGDQGPRVWO\PDWUL[SRRU7KHLUVHGLPHQWRORJLFDOFKDUDFWHULVWLFV
DUHGHVFULEHGLQGHWDLOLQFKDSWHU7KHIUDFWXUHVMRLQWVDUHIUHTXHQWO\GHYHORSHGDWSRLQW
SRLQW FRQWDFWV EHWZHHQ LQGLYLGXDO SHEEOHV DQG FDQ RFFDVLRQDOO\ EH WUDFHG DFURVV VHYHUDO
SHEEOHV 6SRUDGLFDOO\ WKH\ VKRZ FPVFDOH GLVSODFHPHQWV VHH FKDSWHU  DQG )LJ$
$Q\VWULDWLRQVRUSOXPRVHVWUXFWXUHVRQMRLQWVXUIDFHVDUHDEVHQW7KHLQYHVWLJDWHGRXWFURSV
\LHOGHGXVXDOO\DJUHDWQXPEHURIMRLQWVH[FHSWZKHUHWKHJUDYHOVDUHFHPHQWHGORFDOLW\
7KLVVXJJHVWVWKDWDFHUWDLQSDUWRIWKHMRLQWVFDQEHDWWULEXWHGWRZHDWKHULQJGLVVROXWLRQRI
ROGPLQHUDOLVHGYHLQVLQSHEEOHV:HDWKHULQJLVDOVRUHVSRQVLEOHIRUWKHLQVLWXGLVLQWHJUDWLRQ
RIJUDQLWLFDQGFDOFDUHRXVSHEEOHV7KLVKLJKLQWHQVLW\RIZHDWKHULQJFDQEHDWWULEXWHGWRWKH
ODFNRIRYHUEXUGHQH[FHSWIRUDVXERUGLQDWH/RHVVFRYHU7KLVSHUPLWVXQKLQGHUHGVHHSDJHRI
PHWHRULFZDWHULQWRWKHJUDYHOEHGV,QFRQWUDVWZHDWKHULQJLVGHOD\HGZKHQFHPHQWDWLRQKDG
RFFXUUHGEHFDXVHRIGHFUHDVHGSHUPHDELOLW\IRUPHWHRULFZDWHU
)LJXUH$VKRZVWKHORFDWLRQVRIWKHMRLQWPHDVXUHPHQWVSORWWHGRQWRWKHPDSRI
WKHEDVHRIWKH6XQGJDXJUDYHOVFRQWRXUVQXPEHUVWR)LJXUH$VKRZVWKHIUHTXHQF\
GLVWULEXWLRQVRIMRLQWD]LPXWKVDQGGLSDQJOHVDWWKHVDPSOLQJORFDWLRQV7KHLQVHWDWWKH
ORZHUULJKWGLVSOD\VDOOMRLQWVLPSOHPHQWHGLQWRRQHGLDJUDP1HDUO\DOOGDWDVHWVVKRZQLQ
)LJ$UHYHDOUHODWLYHO\ZHOOGH¿QHGD]LPXWKPD[LPD7KH1DQG1
RULHQWHGPD[LPDLQGDWDVHWVDQGFRXOGSRVVLEO\KDYHIRUPHGDVVKHDUIUDFWXUHVLQWKH
UHFHQWVWUHVV¿HOG7KHVLJQL¿FDQFHRIWKH1WR1WUHQGLQJPD[LPDLQGDWDVHWV
DQG LVXQFOHDU3UHVXPDEO\ WKHVH MRLQWD]LPXWKVDUHRYHUUHSUHVHQWHG FRPSDUHG
$
$SSHQGL[
WRWKHHDUOLHUPHQWLRQHGWUHQGVGXHWRFXWHIIHFWVLHMRLQWVSDUDOOHOLQJWKHH[SRVXUHZDOOV
ZHQWXQQRWLFHGGXULQJGDWDFROOHFWLRQ-RLQWVRIGRXEWOHVVO\WHFWRQLFRULJLQZHUHRQO\IRXQG
DWORFDOLW\ZKHUHWKHLUIRUPDWLRQLVDVVRFLDWHGZLWKWKHIRUPDWLRQRIF1:6(WUHQGLQJ
GHNDPHWULF QRUPDO IDXOWV VHH )LJXUH  LQ FKDSWHU  7KH HYLGHQFH LV GLVFXVVHG PRUH
H[KDXVWLYHO\LQFKDSWHU
&RPELQHG LQWR RQH SORW WKH VFDWWHU RI MRLQW D]LPXWKV LV ODUJH EXW WKH WZR VHWV RI
SRVVLEOH VKHDU IUDFWXUHV 1DQG1 FDQ VWLOO EH LGHQWL¿HG7KHSHUKDSV
PRVW UREXVW IHDWXUH RI WKLV VXPPDU\SORW LV WKDW DURXQGRQH WKLUG RI DOO MRLQWV UHYHDO GLS
DQJOHVEHWZHHQDQG'LSDQJOHVRIOHVVWKDQDUHQHDUO\DEVHQW7KLVVXJJHVWVWKDW
ZHDWKHULQJMRLQWVFRQVWLWXWHRQO\DVXERUGLQDWHSDUWRIWKHHQWLUHGDWDVHWDQGWKDWWKHFDXVHV
IRUWKHMRLQWIRUPDWLRQDUHHLWKHUFRPSDFWLRQRUWHFWRQLFLPSULQW
,QFRQFOXVLRQLWLVVWDWHGWKDWSDUWRIWKHPHDVXUHGMRLQWVDUHRIWHFWRQLFRULJLQEXW
MRLQWVUHODWHGWRERWKFRPSDFWLRQDQGZHDWKHULQJEOXUWKHWHFWRQLFVLJQDOXSWRDQH[WHQWRI
VWDWLVWLFDO LQVLJQL¿FDQFH ,W LV EHOLHYHG WKDWPRUH QXPHURXVPHDVXUHPHQWV DQG VWLOOPRUH
FDUHIXOREVHUYDWLRQVFRXOGKHOSFODULI\LQJWKLVPDWWHU
61 )LJ$IUDFWXUHZLWKFPGLVSODFHPHQW LQ D
TXDUW]LWH SHEEOHZLWKLQ
WKH JUDLQVXSSRUWHG
6XQGJDX JUDYHOV
ORFDOLW\  )DYHURLV
%RWWRPOHIWLQVHWORZHU
KHPLVSKHUH HTXDO DUHD
SORWRIWKHIUDFWXUH
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)LJ$FRQWRXUPDSRIWKHEDVHRIWKH/DWH3OLRFHQH6XQGJDXJUDYHOVZLWKWKHMRLQWVDPSOLQJORFDWLRQV
)LJ$IUHTXHQF\GLVWULEXWLRQGLDJUDPVRIMRLQWD]LPXWKVDQGGLSDQJOHVGDUNJUH\DWVDPSOLQJ
ORFDWLRQV,QWHUYDOZLGWKLVIRUD]LPXWKVDQGIRUGLSDQJOHV2ULHQWDWLRQVRIWKHH[SRVXUHZDOOV
DUHLQOLJKWJUH\%RWWRPULJKWLQVHWDOOGDWDVHWVFRPELQHG7KHFRQYHUJLQJDQGGLYHUJLQJDUURZVVKRZ
WKHD]LPXWKVRIKRUL]RQWDOVWUHVVHVGHULYHGIURPVHLVPRWHFWRQLFGLVORFDWLRQV.DVWUXSHWDO

$FNQRZOHGJHPHQWV
7KLVWKHVLVFRXOGQRWKDYHEHHQFRPSOHWHGZLWKRXWWKHKHOSDQGVXSSRUWRIQXPHURXVSHRSOH
7KHIROORZLQJOLVWLVSHUKDSVIDUIURPFRPSOHWHDQG,EHJIRUSDUGRQLQFDVHVRPHERG\IHHOV
RPLWWHG
)LUVWRIDOO,ZRXOGOLNHWRH[SUHVVP\WKDQNVWR3URI6WHIDQ6FKPLGIRUVXSHUYLVLQJP\WKHVLV
DQGIRUDOOKLVVXSSRUW,DPJUDWHIXOIRUKLVPDQ\LGHDVDQGKLVJXLGDQFHLQVFLHQWL¿FWKLQNLQJ
DQGZULWLQJ,ZLOOORQJDGPLUHKLVFDSDELOLW\WRJUDVSWHFWRQLFSKHQRPHQDVRTXLFNO\
3URI3HWHU$=LHJOHUGHVHUYHVP\JUDWLWXGHIRUKLVFRQVWDQWFXULRVLW\LQP\UHVHDUFKDQGIRU
LQVWUXFWLQJPHKRZWRH[SDQGVPDOOVFDOHREVHUYDWLRQVRQWRDPXFKODUJHUVFDOH
0DUNXV6FKXPDFKHUGHVHUYHVYHU\VSHFLDOWKDQNVIRUDOOKLVHQWKXVLDVPWKDWKHVKDUHGLQP\
VWXGLHVDQGIRUKLVSDWLHQFHDQGSHUVHYHUDQFHGXULQJORQJODVWLQJGLVFXVVLRQVFRYHULQJDQ\
WRSLFRIQDWXUDOVFLHQFHV0DUNXVWDXJKWPHQRWRQO\KRZPDNHVHQVHRIVHLVPLFOLQHVEXWDOVR
KRZWRVWXG\RXWFURSVDQGWDNHQRWLFHRIELUG¶VYRLFHVVLPXOWDQHRXVO\
0DU]LR*LDPERQLPDQDJHGWRFRQYLQFHP\VWXEERUQ7\UROFHQWUHGPLQGWKDWJHRORJ\LVERWK
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